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ADDENDA AND CORRIGENDA. 


Lime Springs, total solids, 540, should read, 462. 

Sumner, depth of well, 1,740, should read 1,720. 

After “Out,” third line from top, add—of the 19 counties only 8 
have deep wells. It is of 

Grinnell, John Goodfellow, change a to d. 

Centerville, city (No. 1) and (No. 2), should read (No. 2) and 
(No. 3.) 

Table of average mineral content of waters. For Northeast Dis- 
trict, first three columns should read 20, 15, 89. 

Log of Steam Heating Company well, 8th line, after “cherty’’ add— 
arenaceous limestone. 

Analyses of drillings. Depths of samples are 308, 618, 808, 938, 
1228 feet. 





IOWA 


GEOLOGICAL SURVEY 


VOLUME XXxI 


ANNUAL REPORTS, 1910 AND 1911 


WITH 


ACCOMPANYING PAPERS 
Prepared in Co-operation with the United States 


Geological Survey 


GEORGE F. KAY. STATE GEOLOGIST 
JAMES H. LEES, ASSISTANT STATE GEOLOGIST 





DES MOINES: 


PUBLISHED FOR IOWA GEOLOGICAL SURVEY 
1912 





DES MOINES: 
Emory H. ENGLISH, STATE PRINTER 
E. D. CHASSELL, STATE BINDER 


GEOLOGICAL SURVEY ORGANIZATION. 


GEOLOGICAL BOARD. 


FITS EXCHLLENGY,. bs.) Le CARROLL scales ans sous sss elole e/eei .....-.--GOVERNOR OF IOWA 
HON. (JOHN “lass BLEAK Ys cet «oleh ctarele t sreve sie eialeistone ainisials .. AUDITOR OF STATE 
JOHN Gi, BOWMAN (Ss efeste sialete tole Metetels Wel aie sel ie PRESIDENT STATE UNIVERSITY OF IOWA 
B.-We STANTON scene ce ean’ eet Acting PRESIDENT IowA STATE COLLEGE 
LOvIS: G.) BEGEMAN: cates colton thatee es .e PRESIDENT IowA ACADEMY OF SCIENCES 





GEORGIE SICA Vy raters iotaes eeieie aan ee oie Sears Rie aie ay Oeauets PO Sacer y StratE GEOLOGIST 
AMPS CLAIMS sraeterc UNL teeccet tS etslS cre’ a cosine eis a arslokaren she ASSISTANT STATE GEOLOGIST 
IN ELICITED gee NW MCA teres en rails Gam ore ew claus era ave ola uateabeslite. tally Moneta erona tems SECRETARY 





HOR GE BEA HOA tetas tes saiake oie Gilet aid anally b 0% ib Milgie PNRM tee teens we tonen ......GEOLOGIST 
fo) AATIS Wham CNS Green Sie ePrice Ss. 9's eres lee ib aretars GEOLOGIST, PHYSIOGRAPHIC GEOLOGY 
Wierd a NOBTON ste tdeschefews sieve cls aisles cuales niente w pietor GEOLOGIST, UNDERGROUND WATERS . 
SAW DEVER Soto costae cds ident GEOLOGIST, RoAD AND CONCRETE MATERIALS 
PaaS VVILLTA MB foeleien ele ass oof aera GEOLOGIST, RoAD AND CONCRETE MATERIALS 
ERAS IMIR cosas eivaiia he ehate ie tate) orate 8, Simo) ohatesvanerece GEOLOGIST, PLEISTOCENE GEOLOGY 
cee rs ARMA Nim eyetavens Pere) overaal'e'< oaveleivexclcs ei se cuatomevstloie ers GEOLOGIST, PLEISTOCENE GEOLOGY 
AT rE. eA BEY shavere eae itars ioe) oe, Sha soldi Matte 4hdeo totem stone Rate Ne ....GEOLOGIST, AREAL GEOLOGY 
a) OULNit Lard d ELIT ON ohoves sie cect nis ld vaseline = civhesbe ga tates" acquit ee rose ohatoue GEOLOGIST, AREAL GEOLOGY 
AMO LH OMAS cc terre suiete cl atcromta Bic ateic otis ale hate Se ehate se ats GEOLOGIST, AREAL GEOLOGY 
ORPST AY So cro rele eictensiere kava ecaies ee GEOLOGIST, PLEISTOCENE MAMMALS 
2 chi. PONELTH aisle veers cote cies wie .-HIELD ASSISTANT, ROAD AND CONCRETE MATERIALS 
HeeBe LYON «coe ceo ate LABORATORY ASSISTANT, RoAD AND CONCRETE MATERIALS 
IW Ee COOVER Meee tte ose ere chs FIELD ASSISTANT, Roap AND CONCRETE. MATERIALS 


TOPOGRAPHIC SECTION. 


We EES IERRON seicerects Ses terres o Bk es Sk sich oes MATARPOM SO a WaPNS te AG MS Wee ae GEOGRAPHER 
WSL MIGLERS 25 balcenion ay clergy 2 Sie vie cals a's Saheim ce sate a stata Sa ette one Reetal c¥are TOPOGRAPHER 
HOWARD | OCLAR KOR re Siiiehsccrideitiare atetalehete oe io orate aie il sree ciation « JUNIOR TOPOGRAPHER 
LA BPBORER TA see eel cea n ss, cs CUT ise eonoter eevee abe ote JUNIOR ToPOGRAPHER 
Bi wA 3 A NIEN Siete ceteialetetts: Sorciats che as lote eer, eae See has ao tones fase ASSISTANT TOPOGRAPHER 
CSS WHALE. cree ale, ole aera cene sald ehOLeT eS BC oa tO Shanta acute arene . RODMAN 


4 2 1) ie Se Dots bff 
yc! 
CONTENTS. 
PAGE 
BRIMENTS TRA TIVE, CEUUPORT < uis,0rs eo 20's 6 <0, ¢.0/0,6 010 ole SNe a ah dicen ie tice foesch s Pye IX 
RICNPRAT. PRODUCTION IN LOWA IN 1909 AND T910s6. 5.4 ce cet lc ckle ces cewatvcase 1 
PINDEECROUND) WATER RESOURCES: OF TOWA vices ss bia clc so we talcli be siswaeeadeee’s 29 
MTOM UICLLOTE OND YAW wipe ts PIN OL LOIN: cle pis cleleictelais sie e's % oatlae sive Caucwisiets on sle cess 31 
Chapter I, Topography and Climate, by Howard HE. Simpson............ 48 
Chapter II, Geology, by W. H. Norton and H. E. Simpson................ 67 
Chapter ITI, Geologic Occurrence of Underground Water, by W. H. Norton, 

ieee a DSO GAN Ge Wier og LACOULIXSON'. sictetsible's)s.s'siv ot «16 blots ele bicle e'cibie.sie vlc « 105 
Chapter IV, Artesian Phenomena, by W. H. Norton..................0-- 138 
Chapter V, Chemical Composition of Underground Waters, by W. S. Hend- 

PENS UN MEE cRerorenonsietsvels fonMaNe etsratater afer Misie oP o\ tole leis eke! olde eyele ejcle did cms aleerabisiew es 159 
Chapter VI, Municipal, Domestic and Industrial Water Supplies, by W. 

MET ETIOTUX BOT ric clcivle:s visiclcterssciicicie © claieie esate @ cle’ o Sele wleie@ Sle'ebiseelereare’s se 212 
Chapter VII, Mineral Waters, by W. S. faendrixso PaaS cTovens Wtoleral wis: biuke wr5% 261 
Chapter VIII, Underground Waters of the Northeast District............ 279 

PITELOCUCELOI DY 2 Wish Eds c INOLUOI «ej tciaialtiale tale cls {0 «sie, vidlelodspaavelaiwld im alste ax ,« 279 

PH KeCON COUNTY LD Val <n Lise NOPLOM wreiwiak cats. c.g sob sleet bwics smedeae» 281 

eee Trace COUNLY a DYoriss Hot ALC Vis sate nbievs cicls stale «eto bicleist ew biests os 301 

PEC TRC Te COLLIS CY ae Van Weir Lic INORCON clolsurain art bis, cle vi cicielosvenesiys sinicdls eb blcleles 312 

MeN AT AWNOOUTILY 7 OY. Wl. ALO. s siejcie:ciesha Wiel alele oie Wiciesele sjgilalet’e ») icra Scace! 333 

nickasa we COUNLY. «DY nat. tNLCINZECT): sacs sce +08 o denied aie ols wie Nines 339 

SV LON Ce OUNTY © DY BV ce ble INOLUDIN cicyoie eit avers < cles tis sieluly sitietreltinis e blate's » 342 

WIS a eTOMCOULLY, UD Yeuvy citlls NOLLOI s\cius'a/stsis alee hie sles. drew x alsuere)aje a1 sie o)ei0)s 359 

PD UIGUIOE COMNLY MD ym ee EL ac NOLCOD «oi arslecs ots c ete s| as ois) ele eters aieueha't 6 fo «70% o's 372 

a VL On COUMLYoe DI eV ce Elce NOTUOR aise oleleigve bra civ oie w scelece @ nticletS baie) elle. eieié's oh Bh 

FLO WardCOUlnty a). DY/.O. Hie MGINZOM. s scsbig& + ces o's cio 4. ¥ ula = 6 slolele viele oie ise 404 

NUDE HICSS WOU Ye Witt. INOLLON « sislacie clo% «sie ic:aine ict sie ieieier> aleieueie)s + 407 
Chapter IX, Underground Waters of the Hast-Central District........... 420 

PA COC WU CULOlr me DV Viren eel oc IN OFCOM sieg 7a sicvel vis fete alate «, a's hele sxchelcinit, sah wiletereloyeieree « 420 

Benton County, by H. E. Simpson and W. H. Norton................. 422 

Sein COURDVAM DY i: Wem Flak NOL COIL. cis dvs alscohs ouie ls: =\5'6'< bre Sides she b oislG eece 2 0 6's: 439 

WEN LONE GOURL YS DVR Lee NOTLOM shai. clotetel ehelacelo ecb cal the) ofr clelers, clo. die cc)e aa. S's 454 

Iowa County, by O. EB. Meinzer and W. H. Norton..............06..00: 478 

ACK HOTEOOUNTY SD Y Ty nimble NOLLOM sc, .7d siecle) sucte re: 6, ersve aile]s ioc Ralaetavctacts s 486 

DOUNSOMSCOUTLY, § DVmn Ang Oly LELOMAS fe eiclctetiais ciere’s | cleleisisiele viv ae) beres ovela's' nls « 504 

ONCE MCOUNLY. 6D Yar VU ravEL:.¥ INOTLOM sis eis sialels alte ictal Sits oleh wie ietele b,¥ oye ¥ieioierale « 515 

Peis OUML Yam Divi Wiceuld. cs INOULOM ate alc iehedelinrs trajatassidta) otsie.cpalcialelcia\© sti) tum 8/3) 533 

DLNSCALMOMOOUDLY Miyano Obie PINOLEOT Wiecclelials se suc.e wible's, 274) Sistas dole sia onde » 558 

Poweshiek County, by H. E. Simpson and W. H. Norton............... 574 

Scott County, by W. H. Norton...... Loin SE SITOESN PR OLIGO Pom On eer 586 

TRAP COIN GY cD YM VV. ee ch VLELLO Tic ie css yenclelelcls!s e.cisreiel eva ¢'« sis oie pi wielelsisie, 4 eis a6 611 


Chapter X, Underground Waters of the Southeastern District........... 613 


CONTENTS 


PAGE 

Introduction; by W.FH. Norton seis oc overs clot skevem sie oieisielave set) ovelsta ater 613 
Davis County, by O. E. Meinzer and W. H. Norton............seeeeceee 621 
Des Moines ‘County, by W. He Norton’... 010.0 cis cies ccietete rales lelelle ¢ eis Sceleterennn 625 
Henry ;County;. by) W. Heo Nortons. wc: cleistee cicccirtee ns # at oie ietetevars oscae 0648 
Jefferson County, bys W.0H. Norton. ocyis «erro sis cae crsie wi cialatel ole leperstarcnemenaaa 650 
Keokuk. County, by W..H. Norton. 2. occ... ons cece cceiovieiioe cee sie eeeiees . 660 
Lee County, by Ws, Hav Nortonis oFe.cuc.cie,botiais oho toetercielsie lero sis cteteiete nan 670 
Louisa. County,. Dy: Ws «HL. Norton 25.1.06/.0040°01 chore 'araiete lator el nisvetdieie d/eletets me at 693 
Mahaska. County,. by- Howard’ E. Simpson... 0... 22. cece eae euine 704 
Van. - Buren. County,: -by: Wie He -Nortony. of ov ose cele diewiers cls waye niatenernae 715 
Wapello County, by H..E. Simpson and W. H. Norton..............4. 722 
Washington County, by iWeH. Norton. oc). ci ee lcs cle tele sole el cie enone 739 
Chapter XI, Underground Waters of the North-Central District......... 749 
Introduction; by ‘W. Hi. Norton oer 7c ce clots oe eles ticree eee cll cccrelset trae 749 
Butler -County, -by aM RW UE Arey... 40's oc'e okie a sre ole’ -% ctold ciethicletete eiote een 751 
Cerro Gordo County, by O. E. Meinzer and W. H. Norton............. 759 
Floyd County, by O. E. Meinzer and W. H. Norton..............seee-- 769 
Franklin County,. by O..E. Meinzer and W. H. Norton............:.2200- 11) 
Hancock County, by O. EH. Meinzer........c..seeeee eee e eee cc ee enecues 780 
Humboldt County, by 0. -E. Meinzer........ 00sec cweweees ‘bn ebolatlals «2. 184 
Kossuth. County; .by-O2 HE: Meinzer’y. ov. eek ee cette cele Tene 787 
Mitchell County, by O. E. Meinzer...........2ceecececceccccns , eee 798 
‘Winnebago. County,. by: O.. B.. Meinzer.. .:. 6. t:c0c. sl ase poiec o's aie ctcetolelenenaeane 197 
Worth County, by O..E. Meinzer..............02000% Solo wie 0.0 Ole ole atenre 802 
Wright County,:.by- .O,. B...Meinzers:. os... bok « cciortle & ole utoner a) geen 804 
Chapter XII, Underground. Waters .of the Central District............... 811 
ENtLOCUCLLOD.aDYs WV sable NOTLON2. cnnaa terion 1 eee PPGSPLE SH on 811 
Boone County, by. W.:-J. Miller.and W. H. Norton. 2.5.2. s2<%. es eee 813 
Dallas County, by: O. B.:Moinzer......:.5 05h. oiclc obs bic» cee ewes Sanaa '. 822 
Greene County, by W. J. Miller and W. H. Norton.................... 827 
Grundy County, by W. J. Miller and W. H. Norton.................... 832 
Guthrie County, by O. E. Meinzer and W. H. Norton.................. 835 
Hamilton County, by: W. J. Miller and W. H. Norton.........:3......./. 842 
Hardin County, by W..J. Miller and W. H. Norton...................- 846 
Jasper County, by Howard HB. Simpson. . 2.0.0. 0.5 cudseveuevcbece samme 854 
Marshall County, by H. BH. Simpson and W. H. Norton................ 870 
Polk County, by H: EB. Simpson and -W. H: Norton..:.......0:..c90 ees 884 
Story County, by, H. E. Simpson and W. H. Norton............0.scs0u6 900 
Webster County, by W. J. Miller and W. H. Norton............... retry ck! 
Chapter XIII, Underground Waters of the South-Central District....... 923 
Entroduction,® DY: \W-2H. - NOLLOM. « ....\./5 sis c'e1s » ole als'> aisle a ooein'olh ers) ole eeaeneneaam 923 
Adair. County, .by- H.-H. Simpson. 0.5520 5.500 nc co 2 seals ees eae 928 
Appanoose County, by O. E. Meinzer and W. H. Norton............... 932 
Glarke County,. by. H.: BL. Simpson. .ici.2 5 s/c..s «0's 18 0 ¢ sipfee cis stelslanel een 939 
Decatur County, by O. E. Meinzer and W. H. Norton.................. 942 
Laucas: COUuDLY, DY bs Hee Simpson sii. /s is sac cc etic css os 0 aie sheila seni nerataneme 949 
Madison -County,-.by..H. .E., Simpson.%.)....0.. 2... 5 « «si ¢ 5) sistelerarereereteeme 956 
Marion County, by H. E. Simpson and W. H. Norton................. 962 


Monroe County, by H. E. Simpson and W. H. Norton.................. 974 


CONTENTS 


mr ee Om OOURLY At DVi © su Pus WIG ZEN a sic ciein cietisraeleisisiainie feel Seicves seas c 
PILOT MOONY A DY Tk1 a kus SID SOM es cionte cre wieia coins eleies eielscb cio a-cie sis. eticle.s 
SPrerenmWOuntY me Vind ONT iel sme L LICOM. «cn tielacter seis clee o els.e siuis.sicieicieis ose 0.6 
Wayne County, by O. E. Meinzer and W. H. Norton.................... 
Chapter XIV, Underground Waters of the Northwest District........... 
microuuction, by W. Ht. Norton.......-....- Btateteiareettisiohes atere ote os ow teas 
He OMeeV SLAs COUNLY (DY Oy abl GINZOT wc clale's o's e claere oieoicle cle s oslo obete els oct 
Calhoun: County, by W. J. Miller and W. H. Norton.................. 
GaArLOus COUN. DV: Wend -plLlOr AtGu VV cebis NOTCON vicicln ois c\c)ec siecle. s ops os 
Cherokee County, by O. E. Meinzer and W. H. Norton............... 
Ore Wan OUNC ae Die Ose ismVLCINZCM <iq casibiie 6 ciccclela’e ceisieversie sicicisisslels oss es oe 
erro rn RU OUN TYE DY a VViere se WEL LLOD Aa aiat cr cvalalars cte.e;oere; lei 6 sie aie eie.c,ehe.s.¢ aa-s.e0 6 
DICKINSON MC OUMNEY, Dyn Ow Hie WLOIN ZOD 20s vrciecle's & clgic wists, ereie.e sie e gieis’e ews « 
Emmet County, by O. HE. Meinzer....... Je Rea i PRA ESE od op AR RO 
laa -Gounty; by W. J. Miller and W.H. Norton... ccc cece cess wees 
ev OWmCOUNLY © DYE Cig uVL CIN ZCI sc mcke od eis lec) c elels lore slccaltie ews ta/eis oisieislarcias ¢ 
POMONA E COUNEY wD Via Wetdce WELLIOL eaters eres isteie a:4,0/s,e tise s s:0.0-e, a.c(s «6 9,n\evee ieee 
erie COUNLY © Ye. so tl-@ VLGITIZOT a ae oficiales o's, ccvie e'ee'sie's 0, <ie'e'e @ ¢cusiel¥iaierere 
DRCCOLANCOUNLY DYz; Ose tick MOIN ZEIT. tet te a als oye eietalert sien s so slew suciee sya lee 
Palo Alto County, by O. E. Meinzer and W. H. Norton................ 
Plymouth County, by O. E. Meinzer and W. H. Norton.................. 
POCAnOTLASTOOUNLY DY sO + Hen WLGLIZOL 201. sicce.coivie 0 le(d sivjels ele je tiene vsivicdeis 
SeOOIEIEY ROY OV Gay he DLLOR Se inlets amiss ma csa ee ses sb eesedisgevsicecss 
Sioux County, by O. E. Meinzer and W. H. Norton..................6. 
Woodbury County, by W. J. Miller and W. H. Norton............... 
Chapter XV, Underground Waters of the Southwest District............. 
MUMPMOIOLIOT OTST EWE) EL) INOPLOU Cs els os tks Sacre a be bac eile Sea ure seve ces 
PC AITISe COUTEY MON) Lier Ui DSOMs share cisiele ale steye e/eya sleisvaleldusiele-pinie vise ees 
PLT OMe COUNCY sm DV Qordtn MLCINZET ares dis ¢ cieveisisinlvie's stele sieiecsiea cas’oves 
Cass County, by H. E. Simpson and W. H. Norton..........cccecccess 
PBSTHON TR OOUTL Yom D¥a Ose Hin VIGINZOT tte al<icte recess. ase ole sus dice lelevele| <ie)<.0 @-5/ 000 
Harrison County, by O. E. Meinzer and W. H. Norton................ 
Mills County, by O. E. Meinzer and W. H. Norton..................., 
Montgomery County, by H. E. Simpson...... 3 east Sari ie ee ae 
DeemrOcinty. Dy O) Hi: Molizer.o.:. usc cs skccs ccs tcecsscecctes eee 
Pottawattamie County, by O. H. Meinzer and W. EE SRIN OPLOTE pr teres atte state 
Shelby County, by O. E. Meinzer...........006. RAP R Etta Sale ieee eer 
Taylor County, by O. EH. Meinzer and W. H. Norton.................. 


LIST OF ILLUSTRATIONS. 


PLATES. PAGE 
Map showing progress of detailed mapping in Iowa, to face...... IX 

I. Geologic map of Iowa showing artesian conditions and elevation 
of ‘Saint Peter vsam Gstomec wists cbr cises ss ole oleic ais a shelasetetelaielerctate In pocket 
TI-* General ‘columnar, seetion,; to faces a. snc.s wie 0 6 sialele sisis' eases staraeaae 66 
III. Map of Iowa showing drift sheets............... Fam teres. sei hpare In pocket 

IV. Map showing mineral character of underground water with refer- 
ONCE LO TLCOLTADDY; 10). LACES ycere pyrsein-e citereliestcte we weats sistant eis istetee . 204 
V. Geologic section between McGregor and Mason City, to face....... 280 
VI. Geologic section between Dubuque and Le Mars, to face..... (2 OL 
VII. Geologic section between St. Ansgar and Vinton, to face...... ose 324 
VIII. Geologic section between Manchester and Pella, to face..... eons seege 
IX. Geologic section between Sabula and Vinton, to face.............. 424 
X. Geologic section between Green Island and Centerville, to face.... 448 
XI. Geologic section between Clinton and Dunlap, to face..... Pr ns 
XII. Geologic section between Davenport and Keokuk, to face......... 618 
XIII. Geologic section between Des Moines and Burlington, to face...... 626 
XIV. Geologic section between Pella and Letts, to face.............002. 660 
XV. Geologic section between Davenport and Des Moines, to face...... 812 
XVI. Geologic section between Emmetsburg and Centerville, to face... 814 
XVII. Geologic section between Sanborn and Holstein, to face........... 1006 
XVIII. Geologic section between Bedford and Glenwood, to face.........1100 

FIGURES. 

1. Map showing location of geologic sections shown in Plates V to XVIII.. 69 

2. Map showing division of state into districts, and the average mineral 
content of waters of deep and shallow wells in each district......... 165 

3. Map of artesian field of Wapsipinicon river and of buried channel of 
BrO@MGr OTUV CR cee oie @ dtc o's aia’e 0's «0-0 wo oe dinlalsioid Bis cheisredele acai ahaa scien eran nanan 

4. Map showing location of wells marking position of buried Stanwood 
GHANTICL Fina cleke cleverain iss isles ovo (o's'e ivv'e.Ssorsa phad e7stayere 6 trois so et eee o. 442 

5. Map of western Scott county, showing -channel now occupied by Mud 
creek and the buried Cleona Channel.............ccescssceceses Aes fis} 

6. Map of Lee county showing course of former valley of Mississippi 
TEVET feces esc ee eee c cece cece eens cece reece ee eesereesesencessesestes 673 

7. Map showing elevation relative to sea level of base of Pennsylvanian 





)MINISTRATIVE REPORT 


e 
- 
4 
. 
: 3 
j 
ig < 
Peasy } ; 
» x 
Ss 
; a. 4 
P ~ 2 % - 
<P ae ; : 
» w 
one ux 








om \. ribbed “ 


rf 


calle 
= 


+ 
Fe 
. 
a 
« 
»f 


i 


A 


Te yang ars We ae ae age nee a ” 


iy see 





PP pofoaims 
~~ Ajsnotaoad 
5 sa1qun0) 


ONidd VW 
aq3llvLad 
40 
ssayuooud 
ONIMOHS 


dV IA 




















AJAYNS 1W9IDO0103D VYMO! 


NINETEENTH AND TWENTIETH ANNUAL 


Reports of the State Geologist 


Drs Mornes, DecemBer 31, 1911. 


To Governor B. F. Carroll and Members of the Geological 
Board: 


GENTLEMEN :—Since the publication of the Highteenth An- 
nual Report the Iowa Geological Survey has suffered a great 
loss in the death of my predecessor, Professor Samuel Calvin, 
who, from the beginning of the present Survey in 1892 until 
his death in April, 1911, devoted much time and energy to the 
service of lowa. The name of Professor Calvin will go down 
in history in connection with the scientific and economic de- 
velopment of Iowa. Under his directorship the Iowa Geologi- 
eal Survey published nearly twenty volumes of reports dealing 
with the geology and mineral resources of the state. These 
publications will ever stand as a monument to the thorough- 
ness with which he pursued his scientific work and to his broad 
conception of the functions of a State Geological Survey. That 
which he ever had in mind was well expressed by himself in 
his presidential address delivered before the members of the 
Iowa Academy of Science, in April, 1908. He said, 

“It has been the aim of the Survey to collect and furnish 
trustworthy information, the fullest possible, relative to the 
geologic structure and geologic resources of Iowa; but while 
the purely economic side of the subject has necessarily been 
emphasized more or less in all the work so far done, any facts 
that could make knowledge clearer, broader, more definite, 
have not been neglected. Facts that seem at first to be in no 
way related to commercial or industrial activities, may be the 
germs from which will spring some great body of knowledge 
‘ of the utmost importance to the well being of mankind. The 
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oft quoted example of the twitching of the muscles in the 
legs of a frog under an electrical stimulus seemed as far re- 
moved as possible from anything that might contribute to 
the accumulation of wealth or the promotion of human com- 
fort, and yet that simple fact was the starting point from which 
have developed the marvelous uses and applications of elec- 
tricity which are of such stupendous and daily growing im- 
portance in modern human life. The pure science of today 
becomes the basis of the applied science of tomorrow, and en- 
lightened states, the world over, realize that money expended 
for the prosecution and encouragement of scientific research, 
is money well invested. By the substitution of definite knowl- 
edge for vague uncertainty relative to water supplies, coal, | 
lead and zinc ores, oil, gas, Portland cement materials, clays 
and all other natural products, the Survey has saved to the 
citizens of Iowa, many times over, all that the Survey has cost. 


‘¢As an aid to public education, helping the people to see and 
appreciate and correctly interpret the geological phenomena 
which lie all about them, helping them to view the world in 
which they live understandingly, instead of looking at it with 
the vague, dull, comprehensionless mental attitude of the un- 
learned savage, the Iowa Geological Survey has earned its 
place as an important factor in contributing to the general 
intelligence of this most beautiful, most prosperous, most intel- 
ligent state.’’ 

After having been appointed in May, 1911, by the Geological 
Survey Board to succeed Doctor Calvin as director of the Iowa 
Geological Survey, I endeavored to carry forward to completion 
all the lines of work which had been approved by the Board and 
which had been commenced under the direction of my predeces- 
sor. Some of these investigations had been scarcely begun, where- 
as others, upon which work had been done during several years, 
were nearing completion, and the manuscripts were being pre- 
pared for publication. The report nearest to completion was 
a cooperative report between the Iowa Geological Survey and 
the United States Geological Survey on the important subject 
of the Underground Waters of Iowa. Doctor Calvin had hoped - 
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that this report might have been issued during the fall of 1910 
or early in 1911, but unavoidable delays in connection with the 
incorporation of the work of several authors into one report, 
the vast amount of material to be published, the making of 
maps, charts, etc., caused the manuscript to be still incomplete 
at the time of his death. It was evident that the Nineteenth 
Annual Report would of necessity be late in publication, and 
hence I decided that it would be well to combine the Nineteenth 
and Twentieth reports into one volume, which constitutes the 
Twenty-first volume of the Survey. 

The volume is devoted principally to the Underground 
Waters of Iowa. The manuscript was prepared by Professor 
W. H. Norton and several collaborators. The discussion of 
the chemical analyses and related features of the waters was 
prepared by Professor Hendrixson. Professor Norton for 
many years has been keeping the records of the deep wells and 
the data relating to the underground waters of the state, and 
has been giving expert advice to officials and municipalities and 
others interested in problems of artesian supplies. Since 1903 
the investigations have been carried on in cooperation with 
the United States Geological Survey. Both the National and 
the Iowa Surveys will publish the monograph on the under- 
ground waters of Iowa. This great work will constitute a most 
valuable contribution to our knowledge of the resources of the 
state. 

In this volume are also included the statistics of the mineral 
production of Iowa for the years 1909 and 1910. Several 
months ago separates of this part of the volftme were sent 
to all the mineral producers of the state. It is gratifying to 
~ note that the mineral production in Iowa in 1910 exceeded that 
of any previous year, the total value being $22,744,572. Of 
this amount coal at the mine contributed $13,903,913, which has 
never been exceeded in the history of coal mining within the 
state. Another interesting part of the report dealing with the 
mineral production of 1910 is that which describes a new gyp- 
sum field which was discovered in Appanoose county by the 
Scandinavian Coal Company while it was prospecting for coal. 
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The evidence suggests that these new deposits may be of great 
economic importance. In 1909 two well equipped Portland 
cement plants produced cement in Jowa; a third plant was . 
added in 1911. Two of these plants are located at Mason City, 
the third is in Des Moines. 

I have the honor to report that during the years 1910 and 
1911 the Iowa Geological Survey carried forward a number of 
lines of investigation in the field, and has served the state as 
a bureau of information in the office. Citizens of Iowa, as well 
as many persons living outside the state, are constantly apply- 
ing to the offices of the Survey for information concerning the 
character, extent and geographic distribution of our geological 
resources; and to answer fully all the questions asked, a large 
amount of time must necessarily be spent in compiling and 
verifying data, and in setting out the facts in more or less 
voluminous correspondence. 

The work of the Survey for 1910 and 1911 may be sum- 
marized as follows: 

First. Dr. S. W. Beyer and his assistants continued the 
study of the quality and distribution of road materials, and the 
results of this work will soon be ready for publication. Pleis- 
tocene gravels are very generally distributed, especially in 
the northern half of the state, and they constitute ideal dress- 
ing for a properly constructed and well drained road bed. In 
many counties there are inexhaustible beds of limestone that 
some day may be crushed with cheap water power and so made 
available for road purposes. Professor Beyer has also given 
attention to the availahility of the Pleistocene sands and gravels 
for the manufacture of concrete. 

Second. Professor Norton has acted, and will continue to 
act, as the expert of the Survey in connection with all prob- 
lems related to the artesian waters of the state. The knowledge 
Professor Norton has gained, as a result of his many years 
of study of underground waters, enables him to give expert 
advice to all towns and cities which are desirous of knowing, 
before going to the expense of a deep water system, whether or 
not it would be advisable to do so, the depths to which wells have 
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to be sunk in different parts of the state, the probable cost 
of wells, the probable supply which may be expected, ete. 


Tlurd. To Professor B. Shimek was assigned the work of 
making a thorough study of the Aftonian gravels along the 
western border of Iowa. The Aftonian deposits are especially 
well adapted for use in all cases where concrete construction . 
may be used. The demand for such material is good and an- 
nually increasing; and, since in the western part of the state 
the Aftonian beds are practically the only source from which 
sand and gravel for any purposes may be obtained, they pos- 
sess a commercial importance difficult to estimate. The scien- 
tific interest of Aftonian gravels is scarcely less than their 
economic interest. In the report on the geology of Harrison 
and Monona counties published in Volume XX, the ancient life 
of Iowa as it is revealed by the organic remains found in Af- 
tonian beds is discussed at some length. Since that report was 
written more bones and teeth of fossil horses, camels, ele- 
phants, mastodons and clumsy ground sloths have been found. 
One of the most interesting of the Aftonian fauna is the right 
half of the lower jaw of a large bear, the first and so far 
the only representative of the flesh eating mammals from these 
deposits. Notable among the additions since Professor 
Shimek’s report was published is the lower jaw of a very 
large male mastodon. The length of the jaw measured hori- 
-zontally between the extreme anterior and posterior points 
is slightly more than thirty-two inches. Altogether the speci- 
men indicates an animal of unusual size and weight even for 
this bulky species. The extent to which the teeth are worn 
shows that the individual attained extreme old age. Another 
interesting addition has been the right radius, a forearm bone 
of the old fashioned ground sloth, Megalonyx. Professor 
Shimek finds in the Aftonian gravels large numbers of mollusk 
shells belonging to the same species as those found in the 
modern rivers of the state, and these suggest a climate in Af- © 
tonian times not greatly different from that of the present. 
Geographically, the gravels are found to occur at short inter- 
vals on both sides of the boundary line all the way from Sioux 
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Falls to points in Missouri some miles south of Hamburg; 
and the western Iowa field is certainly only a small part of the 
area occupied by these interglacial gravels. 

Full descriptions of the mammalian remains that have come 
from the Aftonian gravels have been published by Professor 
Calvin. The papers are entitled ‘‘Aftonian Mammalian 
Fauna’’ and ‘‘Aftonian Mammalian Fauna IJ.’’ The former 
was published in volume twenty and the latter in volume twen- 
ty-two of the Bulletin of the Geological Society of America. 

Fourth. The study of the margin of the Wisconsin drift lobe 
in the northwestern part of the state was continued by Prof. 
J. Ernest Carman during the summer of 1910 and completed 
in 1911. The object of the work was to furnish data from which 
a correct map of the drift sheets of that region can be made. 
While engaged in these studies Professor Carman found a 
number of other problems relating to structure, genesis and 
age. These will be discussed in his paper which is now being 
prepared. 

Fifth. The Survey has continued its study of the streams 
of the state. Gaging stations have been established on the 
Des Moines, the Cedar, the Wapsipinicon and the Iowa rivers, 
and some discharge measurements have been made. It is 
necessary that gaging stations be maintained for several years 
and that many discharge measurements be made before accu- 
rate statements can be made with reference to the water power 
possibilities of streams. It is the intention of the Survey to 
continue the gaging stations and the taking of discharge meas- 
urements until sufficiently accurate information has been ob- 
tained to permit a publication which will be of great value in 
connection with the development of power within the state. 

Siath. TExcellent work has been done in the past few years 
in connection with the cooperative topographic mapping with- 
in the state. Our Survey pays one-half the field expenses 
whereas the United States Geological Survey pays one-half 
the expenses of the field and all other costs connected with 
drawing, engraving and publishing the maps. The maps al- 
ready issued are proving of great value in the locating of roads, 
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steam and interurban railways, drainage ditches, and in other 
ways. It is to be regretted that the funds available for this 
important work are so small. It is very desirable that this 
work be continued until an accurate topographic map of the 
whole state has been completed. 


Seventh. Detailed areal work and geological mapping was 
earried on in Ringgold, Taylor, Calhoun, Greene, Floyd, Craw- 
ford and Clarke counties. During the summer of 1910 Profes- 
sor Calvin completed the field work in Taylor county but at the 
time of his death he had not written his report. Professor 
Arey, who had made a survey of Ringgold county, which is 
adjacent to Taylor county, spent some time in Taylor county 
in 1911 in order that he might properly interpret the notes of 
Professor Calvin and write the report. Professor Macbride 
has almost completed the survey of Calhoun and Greene coun- 
ties. Mr. A. O. Thomas spent some weeks in 1910 with Profes- 
sor Calvin in Floyd county and continued his studies of the 
county during a few weeks in the summer of 1911. Prof. John 
L. Tilton began in 1911 a survey of Clarke county. Mr. Lees, 
Assistant State Geologist, has completed the field work in 
Crawford county and has commenced the writing of his report. 


Eighth. As an aid to the schools of the state and to the many 
persons who are interested in the physical geography of Iowa, 
the Survey has commenced the study of the most interesting 
physiographic features of the state. During the summer of 
1911, Mr. James H. Lees completed his studies on the physical 
features of the Des Moines river valley. During the field 
season of 1910, some work was done on the physiography of 
the Missouri Valley slope. 

Ninth. Dr. O. P. Hay of the National Museum, Washington, 
an authority on Pleistocene mammals, has almost completed 
his report on the many interesting mammalian fossils of Lowa. 

The Des Moines office has been in charge of Mr. J. H. Lees, 
Assistant State Geologist, and Miss Nellie E. Newman, the 
Secretary. From this office much valuable information has been 
furnished to the people of the state and to many outside of 
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the state. Much work fell upon the Des Moines office 
tion with the preparation of the Twenty-first Volu 
Survey reports, which is herewith submitted for publi 


Yours respectfully, = 8 
+ 
_ GEORGE 


sad’ he 


oe {3 
PS 
: i SLE gis x / 
) 
tee 
ve 
» 3 
' 
. 
4 
’ 
7 
i 4; 
™ 
ie 
* 1.) 
° % a4 : ae 
; Sina ae 
v rh) | J a ae 
giaks i i . rae “aie 
ae De ees Uhh * 
y | j ae | fi 
’ eh 0 ee 


PRODUCTION IN IOWA 


IN 1909 AND 1910 








MINERAL PRODUCTION IN IOWA FOR 1909 AND 1910* 


VALUE OF MINERAL PRODUCTION. 
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The mineral production for 1910 shows a splendid increase in 
production over 1909 for every department with the single ex- 
ception of sand-lime brick. Coal shows the greatest total 
increase. The value of ‘‘other products,’’ which includes Port- 
land cement, was more than 60 per cent greater for 1910 than 
for 1909. Prices continued high for all mineral products, coal 
reaching the highest average price since the organization of 
the present survey. The number of producers is still on the 
decrease, especially in clay products and stone. 


*The mineral statistics for 1909 were collected by the United States Census 
Bureau in co-operation with the Federal Geological Survey. The statistics for 
1910 were compiled by the Iowa Geological Survey through co-operation with 
the United States Geological Survey. 
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Table number I gives the total production by counties: 
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Value of Total Mineral Production by Counties for 1910. 
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Twelve counties produced more than 50,000 tons each during 
1909. Of these, eight show an increase and four a decrease 
for 1910. Appanoose and Monroe made the greatest gains, while 
Mahaska suffered the greatest loss. The total production for 
the year increased over 2 per cent and the total value increased 
8 per cent over 1909. The average price per ton was $1.75 as 
compared with $1.65 and $1.63 for 1909 and 1908 respectively. 
The production for 1909, in turn, shows a substantial increase 
both in quantity and price over that of 1908. 

The table below gives the tonnage, value, average price per 
ton, average number of days worked and average number of 


men employed during the past ten years, according to the United 
States Geological Tah 














i Average Average 

Year Total tons] Value ae seg ees" of | | nae 

worked employed 

AG Yicker ras soy et 

19012. 2en abe 5,617,499 | $ 7,822,805] $ 1.39 218 12,653 
1902 (2.28 6eo 5,904,766 | 8,660,287 1.47 227 12,434 
1908 Stn bes 6,419,811 | 10,563,910 1.65 226 14,162 
T1904 es eee « 6,519,933 | 10,504,406 1.61 213 15,629 
L90G G7 ss ees 6,798,609} 10,586,381 1.56 209 15,113 
1806" eae eee 7,266,224 | 11,619,455 1.60 224 15,260 
1907 Fe rots a 7,574,322 | 12,258,012 1.62 230 - 15,585 
1908 Soe eter 7,161,310 | 11,706,402 1.63 214 16,021 
L900) eo! terete 7,757,762] 12,793,628 1.65 sake a 17,286 


1910S ease 7,928,120] 13,903,913 1.75 218 16,666 
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2 Th ‘he Sethe in the Illinois coal field greatly stimulated coal 
pre duction in Iowa and is largely responsible for the increase 
bo E: production and price. 
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10 MINERAL PRODUCTION IN IOWA FOR 1909-10 

Towa’s rank as a coal producer in 1910 is given in the table 
which follows. The state holds.ninth place as a producer and 
ninth place in the spot cash. value of the product, on the au- 
thority of the United States Geological Survey: 


THE LEADING COAL PRODUCING STATES FOR 1910. 




















a Average 

Average pitas number 

td State Total tons | Total value| price anes er | of men 

| per ton MA pratt em- 

é active ployed 
1 | Pennsylvania ..... 150,521,526 | $153,029,510 | $ 1.02 238) 175,043 
2 | West Virginia..... 61,671,019 56,665,061 92 228 68,663 
Pee CIELO TS en rant, tein tors 45,900,246 52,405,897 1.14 160 72,645 
AME KOHIO Bar tterete csi caters 34,209,668 35,932,288 1.05 203 46,641 
Og CLILOADATIA, soe) elec. sare 18,389,815 20,813,659 1.13 229 21,878 
Om AlabaAma as.) 2e.... 16,111,462 20,236,853 1.26 249 22,230 
TMEV ASODUCUICKY oe vies 14,623,319 14,405,887 fio 221 20,316 
SmeoloradOucn «fee 11,973,736 17,026,934 1.42 236 15,864 
LON EL 8-5, -cldhe tian syotete > 7,928,120} 138,908,913 1.75 218 16,666 
LO MOW YOIING > occ. 7,5338,088| 11,706,187 1.55 248 7,771 
Total for United —— -——. — 
States’ -i5..c05 - 501,596,378 | $629,557,021 | $ 1.25 220| 725,030 





The outlook in Iowa. for 1911 is for a falling off both in pro- 


duction and price. 


Clay and Clay Products 
The production and sale of clay and clay products for 1910 


shows an increase of about 10 per cent over the preceding year 
and the state still ranks an easy first in the manufacture of 
drain tile. The output of clay products was distributed as 











follows: 
1909 1910 
Article Quantity Quantity 
in in 
shows Value hota Value 
ands ands 











Common brick 153,065 | $ 1,072,340 148,903 | $ 1,088,266 


© Sele © 06 © 6 80 © ene 0 


Paving brick and block........ 18,586 198,780 18,110 223,273 
HTOnCtS OTIC Karas eee deten icicles oe is 12,015 138,218 8,969 109,911 
Dreinietl le mereeretae te eters Fetstaae closes [Oe sicretotsreters = 2, 83.0:9:1 OF wer terncera 3,457,455 
S@WerPrs Pipes sce ctesistelctewiety occ Lies IPeteinjsie sirinte te 282.6357. | eerereeverteee 313,430 
Firerproofin es seats totes ctotetaistesl| Ge cies 003 6s 304,398: oases 94,366 
Pottery isco ke lle ic sei chats |e ozone sce? 51,990i ee. Se ease 17,535 
Other productsier. cei stele te || eeteecets oteteler 19 423}. saree aeaee 25,647 
Clays cen cee eee ee wean ar eee lheeake mts arereiecs AS Tal sae ee errant 5,153 

Totel = Sees Soe reer et | Renee avaroy S14,91 6:5 135i ence eee $ 5,335,036 





OLAY AND CLAY PRODUCTS 
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The clay product is tabulated by counties in Table IIT in 
which the distribution of the leading products is given: 





TABLE ITI. 


VALUE OF IOWA CLAY AND CLAY PRODUCTS FOR 1909 AND 1910, 
TABULATED BY COUNTIES. 

















1910. 
Sz | 

: Pe Common Paving Face Drain Other | Total 

Counties 2g ° brick E : ‘ Hix RE 

E z brick Or Bibel brick tile products | value 

be ia | 

Adair ...... Se ramen stare Ue syeilecaie in: eg beieisiecsias) U peinininne et 'a |) ols 2 o's Hi Peel 
PAGANS, | .). 2,0 « 3/$ BeOS USIa cick elsia, Sool [Ros sustacerehers $ 25,100)$ 20,508|$ 49,558 
Appanoose .. LW Leer ee eee |B rer ey er tee le cai orsk ater Ih ache) ove, fare on Ad ots wield st eeep|iane.ste 6, 0ieele 
Audubon BW og SARS SiG I ek BES 6 oeT| OOPS OOH | ec ec ey Ee RIC ene ee 
Benton ..... 5 SOU | Be eel | Peete oncae ZIOSSi tt Be hoses « 24,168 
BOORE N.C % sc. 3 Ape As ewe ererersvoillitcce sfersteyers PAP WADH | 6 Sas ater 72,250 
Buena Vista. 3 He OOO ea crteretareicr |i hovers alee BO, 2 00) Pave ah ei cus 34,250 
Calhoun .... ae Reaper CateM IE oy taka ec are ted iN cveretavelecales Il ciaievereioieuainn [bebe sraracevereuliciheie.@ 00.6 ace 
@arroll. 2.232 LE een eaagth aetcds e ccn0crl lh Pek Apa the |! soles ch eisre [Welslocitces pace ss gad 
CRE. po A ae itl etic ct cis 1S Sieh cel] PABe 2c Ball Peete SIbieT bien ieee td Peco an 2e 
Cedars. ', 1 bce dé mone al Sie ChE Rl Gene ehh Oia | ECR ONEIGES A ie. Coen ane iene 
Cerro Gordo 7 GO OOS: lira lelevas cverc, Pratctereenoues 974,616 6,350} 1,040,034 
Clarke, 223s. Till skis ue ie calle Blokes Ata See oes | | Ree eer | (aie i |r 
LAV 2.5 54 Pei Oe as ast | ete eee EE ON 8 Goliad |e Ak Sega i | WL aa 
Clayton 3 Sr Ss eee teers oP ihe cponcietebe ah I cuctarete detnat lr sgteres, ovis 8,801 
Clinton 3 GOGO) \htareectsts + hc.cleete ones PRONE ME Rees, Seurae 21,840 
Crawford ... a Ree Tie ee tored Ih cactate eat aloe [Psleietacelcie of |bctetets Sic oe [idee gs are: | ae © erste opts 
PATA Src ete: 7 a | Fee a | Bie acare tie 207,685 1,028 218,027 
Decatur .... MP Panera rat. teree tarred [etcONics, orelen Iheie cecgabciere of {I kstete td xen [cee eue sLefe she 
Delaware HN 2 Sc Seta | Bieeo ceecdl le ceecit ond | Oo CIUeec | | Reel | eer PP 
Des Moines.. 2h) Baan + peed) Bose Card) Oe oo een | bn a cia ricd Me Cae aeinaeas (mrt ona Te 
Dubuque 3 2 (OO Oi ivmee weer) ce | eetactcl aerator | oh tue oneae: Niele’ «os cbe ane 42,000 
Fayette ..... Ite oat. Beta Sartor 4h Gaeta DOT PB Sr nSe Gieicicd 6 CRS ener il eee ee 
Franklin ... UN GAS RS eT hy oe oeod | BOC RE Aoete Ist corn eunll (Eko aren renee a 
Fremont .... 3 ANG OO hare eepeneacd acc Crere ieick [cvesittcterel a a ects, oh bie ot 4,600 
Greene ..... an Nana AE Ae Ik eetcReR Tec ed | ccccenaecnavereh Lasiatore ce cbsieiculitens occ e'e allel fiierivene sie lehbile 
Grundy ..... ll aeeetetederancey |o charate, erate oo line Reres sea er on [a ool fe, Sabatier e late soeleisveve: [os anole ove elele 
Guthrie ne 3 PTGS IB were eeansten bese erste cc 17,070 965 19,313 
BES A no lhe TU Ben cha meal tna s Gerd | Bete ca casd | Oh ate Eee Jn err 
Hancock .... rn | per eecwawen meee [re eten eve tars, Por. ctemee rales | beusaetahs eicid orl iccns iss 0.4.6 06 '{uel ee ope Iovecetta 
Harrison De SeLeieee rete ehs | acta teeeenteran: |e ter o tare a Geree I fatsres Meaticy gue ici|[iisue) gis e © 0) 9 | Rove are-auscare ts 
ELEUE GIT aes che 3 DO Sulacroteettcry Wh ahbas aien rele BES Mtl lieveiacere ete 54,080 
SKS che eee me 4 HOS le eteter ras oe Ua chore tare ele BOLO UY terete sabe 38,510 
Howard i | PERME UEC er ae | tareee crate” ltakerctoheteceret hls! dietetic eh su|l lave. oSye ake cruyf: sosve rete uners 
Humboldt A bos Soma Bhs hee cited | DRC BERL AG OO eS LCE Iea eee Geer eS 
WOageeinscs «cic LM ORE 5 pee. S46 Ta. GEM thet Beis Hcl las ei a ae ORM eras Rete le 
Bo Wate rts a 5 ARB Oat neater Fa cb littts Sie ate, « OOOH Peatcre sass 40,960 
Jackson 2 | REP N cHer ater ies a achat eee | ee Pa Sect ilar Cea) areue: || se,cvere.@: vier |r se areas erotiore 
DASDOT tee 6 Se AS heats Cicer ig tec toe ae 15,092 40 25,107 
Jefferson 3 DIO Elec hae ede [bebotere a ets ii eas 7 RE aes acs 54,779 
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Counties 


Number of | 


MINERAL PRODUCTION IN IOWA FOR 1909-10 


producers |. 


TABLE III—CONTINUED 








Paving 
brick 
or block 


Common 
_ brick 


Face 
brick 


Drain 
tile 


products 


Total 
value 


Other 





Johnson .... 
Jones 


Lee 

Linn 
Louisa 
Lucas 
Madison .... 
Mahaska 
Marion 

Marshall ... 
Mills 
Montgomery 
Muscatine 

Page 
Palo Alto.... 
Plymouth ... 
Pocahontas . 
Polk 


ore ewes 
oe ee ewes 
see eee 


ee 


Se ee ee 


tamie 


Saceeons ue 


eeteere 


Van Buren.. 
Wapello 
Warren 
Washington 

Webster ... 
Winnebago 

Winneshiek . 
Woodbury . 
Worth 


Pottery 

Clay sold.... 

Counties with 
less than 
three pro- 
ducers .. 


otal Gane 





5 
kil 
iL 
3 
5 
2 
a 
2 
3 
3 
7 
3 
1 
5 
237 


Bore retest 
Ada Oe Hs OOOO GST 
AAS S 
Sono SSisot: esto Girncact 
s8Anoone 
nities GI OC 
he seieh siciaiissail| eevee tele tele 
savehatetnereven! exc Ole le catens 
NOH sur |homacc, ac 
phos gunk 
94°79 int eel ters 
yey tara 
FAIRS |f totter: 
a lotto: 
AIG he 3 
ee eae Stee ooh fei 6,e Avenel 
AISA BSc 


ee ee 


an 
Pet wewuced thcenu es 
yer oere et ater 
Pre viee 
Ps ease 


a 6 0 6m 0 e%e @ 


eee ale.(e sere il le jee) eve a) ere 


ate bys se eet 


eee reece 


Re ea 


a Be bye eae 


sie (6's (eee 6 


eee ee oee 


O) ele ene 6 08 


eee eeeee 


eee eee eee | we eee eee 





AUR S SNe Ol (eve 2's 6 eee 


eee ee eae 


Ss108 ee 6) ce) 


iS whew ee we |b le 059%). e.8°% 


141,369 


AO cele) © Sieve: 


eseeevee 
eeoeeeeee 
ee eeeeee 


eevee ees 


ore eocees 
eeeerceee 
eeoeeeoeee 


eee reese 
eer eeeee 
eee eecees 
weer eene 
eeerereee 
eee eeeee 
see ee eee 
eee etree 


eeeeeeces 


eee eee ee 
eee eeees 
ee eee eee 
© | es © s,e,'< 


eee ere wee 


260 


eee ee ees 
see ee eee 
eee eee ee 
eee eee ees 
ais & S621 ea 


2) Bw a) we) ee 


Cr 


ee 
eee ee eee 
eee ee nee 


© Fs 6.5 Bee 


10,430 





ereereeees 


eeeeeeree 


eoreeeeeee 
eee ree eee 


eee ee eeee 


22,500 
23,440 
17,700 


eee eee eee 
eee tener re 


eee ew were 


216,325 


200 
48,250 


eer tweens 


eee eee eee 


43,640 


8,130 


pe © Bis «6s 6 


40,148 
668,445 


eee ee eres 


00 eiutgls oo & 
eb Se we ee w 
eva, we ees mee 


eee eee eee 


681,492 


eosereeee 


4,510 


eoeeeese 
a 
ee eeeeee 
erect see | cverveesen 
eee eee eee 


a S.ei@) 6) 8 ‘one 


eveeCoccocoe | ose teerme 


eee ee eee 


eee ee eee | wore er eeeee 


eo eee soe | oe eee eens 


678,608 


24,211 
52,225 


steo ade 6.) ge 6 mole One 


eeeceeces | fe o eel ere pra 


eee eee ee | ere eee ene 
eee ee see 


esvieanecee | oa Ou > ae am 


1,150 


eee ewww | eee ee ew ne 


Kewanee | > & oe 6 Ss eee 
eee eee te 
ote ewe eee 


6 60 oe elie ei] os = & a erenene 


11,934 845,225 


$1,088, 266 $ 223,273 | $ 109,911 | $3,457, 455 $ 433,443 $5, 335,036 





Counties 


Number of 
producers 


CLAY AND CLAY PRODUCTS 


TABLE III—ContTINUED 
1909. 
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Drain 
tile 


Other 
products 
** 


Total 
value 





Appanoose .. 
Audubon 

Benton 
Boone 
Buena Vista. 
Butler 
Calhoun. «.;..:. 


eooeee 


eeeree 


eeeeoee 


Cass 
Cedar 


Clarke 
lA Ygrtcs « cradcis's 
Clayton 
Clinton 
Crawford ... 
Dallas 
Delaware ... 
Des Moines.. 
Dubuque .... 
Emmet 
Fayette 
Franklin 
Fremont 
Greene 
Grundy 
Guthrie 
Hamilton ... 
Hantock °*...:. 
Harrison 
Hardin 
Henry 
Howard ... 


eeeee 


eoeee 


eotees 


eoeeee 


eeeee 


Ida 
Iowa 


oe eeeceee 


Jasper 
Jefferson 
JOHNSON .... 
Jones 
Keokuk 


eeeeee 


eeeeee 


eee eeeos 


see eeee 


eeeeee 


— 
HPNTAREIONM PP ORP OPER RW NHN YYW Uw TIEN NN HI wWH ND Hwwadebd hy 


eer eeeee 


ereereeres 


eee ereee 


veers ees 


eee eee oe 


ere eeeee 


eoeoeeeeae 


ee ee eeee 


bw 
next 
Te) 


eee ee eee 
eee ee ees 
eee eeore 
eeeeeees 
eee eeeee 
ereeeeee 
eee erase 
seer rees 
eee ereee 
eee er eee 
eee eeeee 
oe ee eeee 
ee ese eee 
oe eeeees 
eee ereeees 
ose eer eee 
eee ee eee 
eee seers 
Veeenwé bie | 480 0 ee 


eee eeoee 
see ee eee 
eeeere ee ee | eee ereeree 
eee ee eee 
cree ewes 
vee eee eee | wee eevee 
eee eeeee 
eee ee eee 
eee esos 
eee eeeee 
eee eeees 
ee ee eeee 
eee ee eee 
eee ee eee 
eee ee eee 


* 
* 
* 
* 
* 
* 
36,225 
% 
* 
* 


eee er eeee 


eeceereeses 


eee eeees 


see eesee 


eeeeeereos 


Seeeeeee 


ere ee eee 


eee ee eee 


wee ereeeoe 


eee ere ee 


vee ee ees 


eee er eres 


eee ereeee 


eeeeeoee 


eee ee eee 


eee esos 


ee ee eeee 


eee eeeeos 


eee ee eee 


eee eeees 


eee ee eee 


eee ee eee 


eer ee ees 


ereeeeee 


Cr ry 


O86 6 ee 6 


eee ee eee 


eee ee eee 


eee ee eee 


eer ee eee 


ot) 
Hq te ee a eH 
rar) 
on 
2 


80 


] 


* * 


eee ee see 


eee eeseee 


B) 66 ea 6 @ 6) 8 


eee Q ae e716 6 


see ee eee 


eee ereree 


cee ee eee 


9748 | $115,877 


eres et eee 


eee ee eee 


eevee ses 


eee reese 


eee reser 


eee ee eee 


ese essere 


eee ee eee 


eee ee woe 


eee eeeee 


eoeereereee 


eer eeeee 


eooeseeos 


eee ee eee 


ee eeeroe 


eee ee eae 


eee. 6 @ O86 


see ee eee 
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TABLE III—CoONTINUED 








Counties 








Madison ... 
Mahaska 
Marion 
Marshall 
Mills 
Montgomery 
Muscatine .. 
Page 
Palo Alto.... 
Plymouth ... 
Pocahontas . 
Polk 
‘Pottawat- 
tamie 

Poweshiek .. 


eoverteees 


Van Buren.. 
Wapello . 

Warren P 
Washington . 
Wayne 
Webster ... 
Winnebago 

Winneshiek . 
Woodbury .. 
Worth 


eeeeee 


counties .. 





Wm 
me 
a : 
3 =| Common Feuene 
gS|_ brick block 
BE or bloc 
Z 
2 we] ie eiste sie 
3 18,200 20,025 
3 LOE OTE aeeterecs 
7 13 420i Ree scl 
4 88304 Leek. 
2 bk OWE tae ae ee 
6 V4 OSOLTE peruse cts: 
3 PACA LA RE 
x ae’ URE ee 
1 we Ved GeoeReba a 
DL cihotaie serrate see ats 
14 129,875] 133,328 
5 AGEL DUE cts ots se 
5 of = (ep ei 
1 es 164 Eee 
4 OTOL [ache ste wile ote 
1 ene | betes cis’ se 
3 3,805 * 
6 PPRTE UU OA Sete rors e 
2 fo | te Cee Se 
2, MEE G20 e\ axa seis. ote 
3 SOT ibs soc ss 6 
3 B21 OOH is. eit ove 
3 DUET E TING « oiete = 
6 sey hey er eRe 
1 Ae PO), ote toe 
11 Eis yeeyt Pa! | ayoaees, 
1 A Mas fetehs tsterets 
1 oP liaae | a Pv tee eer 
4 272,546 11,000 
1 $e hie te siete 
ee; eC Ore 
218,723 34,427 


—- | 











: Other 
Face Drain 
brick tile _| Products 
eeeeoveeee * eeeeeeee 

* Bost ON on eee 
Beans. 31,450 * 

* 16,200 . 
eg sae eee on 
eoeepeeveee * eeeeeeee 
eeeeeeee * eeeeeeee 
eeeeeevee * eeeeeevee 
1 aaa a eat ek o> 

21,348 159,705] 135,666 
heist wictee | sg sLalgicrseeeMe 
sPovetetoere ASAD Tener 
eeeeeeee * *eeereeeee 
eevee eee * * 
choles s lareie | * Grou iate Skate 

* 27 B00 terete erate 

* - eevee eee 
DSO, Sat us, Om e eee er eevee 
0 64 @ 6. 6.6.6 * * 
eeeoneveee a eee eevee 

* * Ore: a @ 0 6.8, @ 
Sekt te HOA Oe eetccca ee 
2.8) 2 er Pe Oe * eer ereeee 
diapers Pie: : hea: : rape 

* 
""'42,000| 3,093] ........ 

* eee ereeve f ee ee eevee 
ese eevee * eeeeveeee 

74,870] 1,028,152 40,553 


eeeereeese 


cece eeeese 


579,922 


eee eeeeee 


32,525 


ey 


ore ee wees 


eee eeereee 


eee ee eese 


eee ee we ee 


728,497 


Total ».. | 241 | $1,072,340 | $ 198,780 | $ 138,218 | $2,830,910 | $ 606,458 | $4,846,706 
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POTTERY. 
=k Stoneware, 
© Red heat or 
ae y ockingham | Total value 
: earthenware ware, and 
7, miscel. 
1 DYSEE aia Gif ay Aa a al 1 POR Maal ek sua shelokerctsiete ist (Maisie ss ¢'e)3°e: ses 
MATEUS cae arial cers iista’s, ote ce sete a Pitatatararatere ec re. ook el oS a Ae Pe 
VERT SGAEITL On gieiers so c/o'< + elaicle <tc cre niece 3 * MME |rey cue oierectare s.0\'0 
SLED CELLO Mev ayeiel clay oh asc, ss tie cenessipletene © eats DR Herve eh de ‘Au. | > Al COSBSRBARASe 
PMO US arrestee see's oe ctaciacrale.s eo 6|$ 8,175 | $ 43,815 | $ 51,990 
CLAY MINED AND SOLD. 
| Fire clay | Brick clay | Short tons Total value 
#%% x * 43,4281 $ 17,817 
Seemelaevand clay products: +... .. G0. Mosk. cn dase one be | $ 4,916,513 





*Included in ‘other counties” and totals. 


**Tncludes: sewer pipe, $282,637; fire-proofing, $304,398; fancy brick, fire 
brick and miscellaneous products, $19,428. 


***Includes: Black Hawk, Hardin, Palo Alto and Webster counties. 


In 1909 and 1910 Iowa ranked eighth in value of clay prod- 
ucts. The ten leading producers for 1910, with number of firms 
in operation, value and percentage of total products are given 
below: 
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The outlook for 1911 is for a diminished output, especially 


the normal. A few large plants are in process of building, no- 
tably at Belle Plaine, "Mason City; and What Cheer. Cerro 
Gordo was the ranking county in clay production during 1910. 
All of the plants in the county are located in Mason City and 
immediate vicinity. 


Stone and Lime 


The quarry production for 1910 shows a slight increase over 
the production for. the preceding year. The increase in the use 
of crushed stone for concrete continues. The output for the 
two years is as follows: 


“= 1910. 

Limestone— Value 
[SUSIE 5 os SoablonieTabiOG eo eeitGs CASS ERSrioe tor arinie Seo SD, O04 
Levee. Gherel spiepeehels, Wee Oi cheieaies tac clc er Oren IIo IG OE ECan cee 108,612 
Crushed stone— 

ce CLIT ct) ee Pema cociciehe aie) cicle ti os Gos movers W's. ols, 8 tds suas 01s 57,168 
EEUU Ve ATLAS Greree citePais coe, clasoalete lara y sere ciece «eladveeeies 35,434 
(CLOTHE. “So sly BO e tO SISO D BIE TO OOO OD COT Er IC 259,035 
WGNETEDULDOSCS ecrercesiales.0.sreisiaras ea atevaress Pel Peres ciarske seh are 10,319 
Li han\s ce eae areas PR TNS Oa eiehe ois ack hv oMe es ol overals oy eiee &: Hei 81,775 
POtAilIMeRtTON GMA Ge WIN Gane cle eclele cars stele eels aus) S sone $ 638,177 
SSUES Tt Cumennmere ete ciereiey etait. aie a ceie vores avereis. ccs: s¢eire(at'n el onesal'sl siais) are’ o's)'eie 1,654 
PROT AMMALON Geel Ag TULO stetiata eisrers suis) ces cleneia ee ts seats ele $ 639,831 

1909 

Limestone— Snoentone Value 
LOMO DM UNTILL Tern raeee et aisy crtteiacer crane sielels teas seielate = $ 41,866 
PD VCSSOC MINUTO TTT es rere ts otebete tel erate ievatesallcicile's; isin em) ate 7,765 
CUT DTA Cee eee eee ie Seid ocr invedesel clever wiiele sie’ 6 420 
PER TLD LG mee Webtes ey ieee dete ihckc  craperaneve ote te steve eke siieralan's 49,947 
LULU ELD meetapete erate. set cede chet as. cueraile, cote, surieicors tice ake euers 43,094 
Crushed stone— 

GAGA TE arp srererrenttectie al-avsatktendio te ce ones 143,009 116,246 
RATITOACm ALIAS Meco tr rere nsisterckere (ola <ieviei< «st 24,418 16,329 
OV CLEC OM ee ie ate ciaed! cltoval ear woe. one Miele eis eteeeane'e 350,343 246,054 
SUCAMeTAGLOTICA a = cals elas ceesicieceislc ¢ erste s ayareraceie es 675 


OPNGE BITS EBs arctene ohare cholera etensces iarefeictarer cewstelolere’e: « 2,881 


2 FT OLA Letratar ororele: o stere Hava chai aidhe olat hole! ol sielereterd: ef? $ 525,277 
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STONE AND LIME, 1909—CONTINUED 


Lime— 
Number: 0f) Operatorsie . siciewis aisle c\es so vie clccie & 5 
Plants producing hydrated lime............. é 1 
Quantity, jshorteetOnsic cin s+ mmole ee eisiele) es pielee 15,739 
Average price per ton ........ metahere ew'tnis Hale: e APO 5.22 
Value :)s0'sle ciate ule sietetarate ses ele 6 alerece tole se ictal $ 82,202 
Sandstone— 
Rough: duildinekre ia. ca sce keen eee 1,357 
Dressed building ........ Sis Saas eer ane alot ovate alate 831 
Rubble: =. seaenoeeiriee cc «coe se ale eee 55 
RIPLAaD Sy Saeie cic aie eietaelel a eels e7s.a atte wieveusga tive Heine 100 
Crushed stone: 
FROMUMIARAW Ee oes cic oe ietsls « erciow wiertreteterelatemeiene 100 
Total co cee biel, fies cc's oo 0S sie cla ci aeaiotn see are $ 2,443 
Total stone.and lime............ aisaha’o eis A $ 609,922 


The distribution of quarry products by counties is given in 
Table IV: 
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The number of producers shows a marked falling off. A few 
large plants were established during the year mainly for the 
purpose of producing crushed stone. The plant at Quarry in 
Marshall county was rebuilt and greatly enlarged. A new plant 
of large capacity has been built at Gilmore City in Humboldt 
county. Here the stone is of excellent quality for crushed stone 
purposes, especially for road and concrete work. The outlook 
for 1911 is for a small increase in total stone production, but a 
large increase in the output of crushed stone. 


Sand and Gravel 


The sand and gravel industry continues to grow. Accurate 
statistics are difficult to obtain and the figures for production 
given herewith are below the real production. 

The sand and gravel sold during 1909 and 1910 may be classi- 
fied as follows: 























| 1909 1910 
Kind | : ( Jie Te 
Short > 
; | ae Value ‘| Value 
Sand used for— 
PAULL Merete et otc ac ole ws e cveus & 05'S cinleceis, Geawere 774,101 | $ 260,727 | $ 302,486 
ECT ETE OMA EL Tous oc oft oield ayeelate s pie sislgw'e isks 6 a4 26,463 35,340 9,900 
Na CLT OMreto a Mere ater erc oes «fares os dictel 6-4’ s' els, oe etab are w4 aare 21,895 5,280 7,033 
ELE STC CMM AT si ais ahslats alele oid oe ts s/ele' <6 them onate'¥ ere! ¢ 3,700 || 1,480 
EITM DUT DOSES iaje.<-cre sw ol aid aiptede wie/elevelb & ade arsisis exe 49,794 9,722 9,524 
nee METS ere ralotiche kictaisiciacls detele raisin sithe eicceeinla od 654,951| 146,280| 135,920 
Total sand and gravel .......shececssest 1,530,904 $ 458,829 | $ 464,863 
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Table V shows the distribution of sand and gravel by counties: 


TABLE V. 


VALUE OF SAND AND GRAVEL PRODUCED IN IOWA FOR 1910. 








County 


producers 


No. of 


Molding 
sand 


| Engine 
sand 


Building 
sand 





Other 
sand 








Appanoose .... 1 
Audubon 3 
Black Hawk.. 9 

4 


Bremer.) 2 
Buena Vista... 5 
COGAN. cis ve oe 2 
Cherokee ..... 6 
Glaytonier aie. u 
CLNTOM Mame. 7 
Dickinson .... 1 
Dubuque ..... 5 
KMmMetieee fcc. 5 
WAyetlree irae sis < 4 
LOY Gleevec air ak 
Grundy 3.0. 1 
lskewolhow 8 ae 2 
MEHLOWATG Pate aa. 1 
TOaBR Meoceie.. 2 
JOUNRSON sees. e 6 
OULBS Miche a carekete 2 
TsCGeleprcis < deyetens 3 
TANT oe syscatece 6 
LOuiSs etc as 
TOMGaiet ia ees 3 
Mahasks ee... 4 
MATION Fives al 
Marshall oo | 2 
Muscatine .... i 
OBrien een 3 
Osceola went. ae at 
PalogAito eee 3 


Plymouth]. .:.. ff 


Polkupst share 14 
Sac He wees sls 2 
SCOLUA ae ene 2 
Sioux ff 
Story eee eee 6 
Websters) ee 4 


Winnebago ... al 
Winneshiek ... 2 
Woodbury .... 2 
Wrightwo-or 2 








eee eeeee 


ee 


cee eeees 


eeceeeneee 


eeoeeeee 


eee eee ee 


eeeeecese 


eeoeeeeee 


eee eeeee 


eee ee eee 


eee eeeee 


eeoeeeeee 


ee ene ees 


eee ee eee 


coer eeeee 


eoeceeeeee 


eee reese 


eocececeees 


eee ee eee 


eee eenee 





eeeereeree | oe eee eoen 


coor e sees 


20,935 | $ 


eee eenee | eee eeees 
eee esos 
eee eeree | ee eee ees 
eee eenee 
eee eens 


cee ee ees 


weer wenn | eee eo eees 
see eeees 
eoeeeeeens 
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ee ee reese | eee eee en 
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eeeeeee se | wee reser 
see wees 
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oe eww ees 
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eee ee ee en | wee www eoe 
O'6 ea ee pie | o 0,815 = a0 0 
aehe © wis 018 
eee ew ees 
see eewee 
see ee wes 
eee were s | woe ewe ees 
eee eee es 


eee ee eee | woe eee wee 


1,000/$ 3,915 
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eee eeeee 
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Gravel Total 
$  100/$ 250 
6,525 37,975 
6,215 6,215 
406 4,081 
“""'6,089| 12,278 
“"'16,061| 21,499 
"6,699 | 15,679 
1,805 4,452 
340 5,263 
aes fhe pe coe 
een 7,398 
267 22,993 
eae roee 46,416 
pittasoiese ee 29,832 
18,935 72,696 
Phi die ee 9,421 
4,050 8,700 
Payee cane 5,575 
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TABLE V—CoNTINUED 














if] 
H 
oO 
oO 
fs « 5 | Molding | Building} Engine | Other s 
County °3!] sand : sand : mand sand | Gravel | Total 
oe 
PPMEPERLSTOCUCCT Siecle asl cua sere care || sisters susie cf [re edi sie Wlestarsta vere ~|- 32,601 32,501 
(Counties not 
given) 
Counties having |' 
less than 3 ; 
producers . 1,005 49,552 600 5,099 27,780 84,036 


Ce eee eee eee Eee 


145/$ 9,900) $302,486|$ 7,033/$ 9,524 | $135,920 | $ 464,863 








Gypsum 


The production of gypsum for 1910 was the greatest in the 
history of the industry in the state. The number of producers 
has not increased, but the plants in the field were unusually 
active. The principal items of production and distribution are 
as follows: 








Short | 








| ‘ene | Value 
EMBASE MD SIITTSTTLITICU srateuyclelers sleheis diet eae oko aceere sles mare's wd 6 HORA OLS EEG Ae 
Distributed as follows— 
Sold crude: 
PLOmieOr Gletllg CCOMENL IIL IIS) Vere ac 6 ciated ore)e.aye-0' sysranee etal vie’ ele'e 16,173 |$ 21,224 
RPRLUITOM TL SUB Tutt atcatareie ere tiatevelelsiercicl ere a sieieca sre a erelcter ee ates 6,159 8,312 
WOME TEDUTDOBSCHIE Gl. les wlarvers <cls/eie Ok clolele wieteiclsie’s eisvcleretslce 6 14,359 17,459 
EGG Maree wetere crete eiclcretcte crete minvonidia wate oaiare'sve tis saa a aes 36,691/$ 46,995 
Sold calcined: 
PAT CMWAlls DIASLEI? aman carsclerala tere crorsterats ates w'cis b's axecsrviw @ 202,131 | $ 816,989 
POSE sLCIaOls Paris ,vClCy sre se ae Cue cree ate eee da ee cana ae b:5 27,211 75,860 
JULIE DUTDOSGS, ex ieletd caisle se aisisiee SO ie Caras clea wrath ei oes 1,590 4,005 
PISO Gai imretate her ove clera e Gresdie crcrein aclole miei aberala ce cretlc teres lees oa 230,932 | $ 896,854 
RGU OL Omen cauecct arate meat ev a tere crateinie cateidctats eines 267,623 | $ 943,842 
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The production during 1909 is shown by the following table. 
Number of mills reporting, six: 




















Short 
| tong | Value 

Crude. .£yDSUMl MINS erie cetctalsiele o's pelos 1s lee aietete tease storey 319,577 
Sold crude— ; 
As land plaster Bemreermnertatits cu ate le /are soins bl siote ere - 9676 |$ 14,635 
To Portland cement mills and for other purposes........ 8,452 11,466 
Sold as: calcined eplasceiie re arises b+ oie ache ere ee ninte 188,389 629,503 
Total Fvalue wre « Geicelss oss «lo «o/s Gisderals alone tue ere mae eee i 655.602 








During the year a new gypsum field was discovered in Ap- 
panoose county. The Scandinavian Coal Company, while pros- 
pecting for coal, drilled a hole which entirely penetrated the Coal 
Measures and reached a seam of pure gypsum at 537 feet below 
the surface. The drill core displayed five feet of gypsum and 
about the same thickness of anhydrite above it. Both gypsum 
and anhydrite are essentially free from impurities. Two addi- 
tional holes have been put down in order to determine the ex- 
tent of the field. Hole number two, located 1,000 feet south- 
west of the original hole, penetrated gypseous material, but 
failed to show a solid ledge of gypsum. Hole number three, 
located 1,000 feet northwest of hole number one, penetrated 
eighteen feet of first class crystalline gypsum. The driller’s log 
of the first hole is given herewith. ‘The hole is located about 
sixty feet southwest of the shaft. of the Scandinavian Coal Com- 
pany. Two samples of the gypsum and three samples of the 
anhydrite were analyzed and the results are given herewith: ' 

















| Gypsum . Anhydrite 
rr | ae an /) ar ge ie 
| No.1 | No.2 | No.1 | No.2 No. 8 
SULLUT. SLrLORId Crass Oreterestevciie re 46.56 | 45.65 54.12 | 55.29 54.45 
Lime; CaOs-er ee eee eee See yi S26 40.20 40.67 39.58 
Logs Om Tenitionee een ae a 20.03 20.75 6.62 4.66 58S 





Total .cateieme ue meas Geo 99.96 99.16 100.94 100.62 98.16 
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Lead and Zinc 


The production of lead and zine in 1910 was largely the re- 
sult of development work. The two mills in the district were 
idle during the year. The Watter’s smelter has not keen re- 
built and all of the ore is shipped out of the district. The pro- 
duction for the year was as follows: 
































Quanti- iy Metal Content 
ty. Tons| V alue | ————_______ 
| Tons | Amount 
Lead— 

RTS CTERT ECOG ere) care sice. aie. 6's. c's e's) cas bie oes’ ece 25 $ 1,320 20 $ 1,760 

Zinc— 4 
BOTICEMULACOS Patience cc cessed c «se. ca 245 5,740 96 10,368 
SR AME eeben teacysttiegtt ats cacte vars tar eiats es evlte ase isiaie's feist sce’ a -|| alsa s 6 oe $ 12,128 

















Figures for 1909 give a production of lead of 15 tons, valued 
at $1,290. Mine reports give an estimated output of zine of 35 


- tons, none of which, apparently, went to the smelter during the 


year. The outlook for an increased production under the exist- 
ing conditions is not bright. 


Mineral Waters 

The production and sale of mineral waters show a substan- 
tial increase for 1910 over the preceding year. Six springs re- 
ported a sale of 253,100 gallons, (not including 82,000 gallons 
used for soft drinks) valued at $27,175. The value of the water 
sold for table purposes was $19,775, and for medicinal purposes 
$7,400. 

During the year 1909, 184,000 gallons of mineral water were 
sold from six springs. The value of the water sold for medicinal 
purposes was $3,200 and that sold for table use was valued at 
$10,916, making a total amount of $14,116. The average retail 


price at the spring was 6 cents per gallon. In addition 81,000 
gallons were used for soft drinks. 


Sand-Lime Brick 


The extension of the sand-lime brick industry in Iowa ap- 
pears to be at a standstill. The output for 1910 shows a marked 
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decrease when compared with preceding years. The value of 
the output was $31,269 as compared with $48,210 for 1909 and 
$42,881 for 1908. 

Three plants produced $48,210 worth of sand-lime brick for 
the year 1909. The product was distributed as follows: 











Thou- | Value 











sands 
Comean CULICIe es woe os a's sa > occlneie dae eee Foe eee Bae 4,794) $ 34,025 
Hrontsand stancy) DLICKe). ii... .hulee ves betel rere eee ae 431 8,430 
OTR GRENTOGUCES) Onions fo ccs ccc we 0 bis Cicle aisle ERGs tere etere er ete 5,755 
LAR Gress see fs icaae's 00 0s ne swine + xin heme eene nee tenses ee $ 48,210 





Tron 


The Missouri Iron Company continued experimental work 
during 1909 and 1910. They have constructed an expensive and 
up-to-date plant for the treatment of the ore, but did not ship 
ore for other than experimental purposes during the two years. 


Portland Cement 


Three up-to-date Portland cement plants are now in opera- 
tion, two of which were in operation during 1910 and only one 
during 1909. Hach of the plants when fully installed will have 
a capacity of from 4,000 to 5,000 barrels per day. The building 
of a fourth plant at Gilmore City is contemplated. Rock erush- 
ing machinery is already installed and crushed stone is being 
produced. The price of Portland cement in 1910 was much 
higher than for the preceding year. 

The outlook for 1911 is for greatly increased production for 
Jowa, but the product will command a lower price. 


Peat 


The plant at Fertile was idle during most of the year 1910. 
The outlook for the peat industry in Iowa is not encouraging. 
The bulky character of peat makes shipping unprofitable. The 
hope of the industry rests on transforming the peat into gas or 
electrical energy at the swamp and its distribution to industrial 
centers. 
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UNDERGROUND WATER RESOURCES OF IOWA 
INTRODUCTION 


BY W. H. NORTON. 


SCOPE OF THE WORK 


The investigation of the underground water resources of Iowa 
was planned and carried out along three lines. The artesian 
waters of the state were studied by W. H. Norton, the waters 
of the drift and country rock by Howard KE. Simpson, O. E. 
Meinzer and a number of assistants, and the chemical and indus- 
trial qualities of all ground waters by W. 8. Hendrixson. Three 
reports were therefore submitted for publication. It was later 
decided, however, to publish these in a single volume. In the edi- 
torial recasting thus made needful the three reports have been 
combined, so that several chapters are now composed of excerpts 
taken from the work of two or more writers, but throughout the 
volume each writer is responsible for all statements respecting 
his allotted field of investigation. In each of the county reports 
data as to the artesian wells of the district and forecasts of 
artesian conditions for towns not now supplied with deep wells 
have been inserted from the report of the senior author. 

The line of demarcation between artesian waters and waters 
of the drift and of the country rock—that is, the rock which 
outcrops at the surface or immediately underlies the drift— 
though not everywhere exact, is fairly definite and was placed 
where it would best subserve the uses of the public. The ar- 
tesian waters of the state, except some of minor importance, rise 
from a few related formations of early Paleozoic age. These for- 
mations underlie practically the entire state and form a well- 
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defined artesian system. The water beds or aquifers of this sys- 
tem are as a rule readily distinguished from those of the coun- 
try rock as well as from those from the drift, but in one or two of 
the northeastern counties of the state the artesian aquifers ap- 
proach the surface and might be included in the country rock. 


In the investigation of the waters of the drift and of the coun- 
try rock, the county was made the areal unit, and each county in 
the state was visited and studied. The officials of each town 
were asked to contribute the facts as to the municipal water 
supply. From the well drillers were procured data of great 
value as to the type of wells in common use, their depths in dif- 
ferent localities, the materials they passed through, and the 
sources from which they drew their waters. As less than a week 
could be given, on the average, to each of the 99 counties of the 
state, the investigation was necessarily far more cursory thar 
could have been wished. Fortunately the Iowa Geological Sur- 
vey had nearly completed its areal work with the county as the 
unit, and thus a large amount of material was at hand relating 
to the geologic conditions which control the distribution of 
ground water, the topography of the state, and the structure 
and composition of the country rock, and of the Quaternary de- 
posits (ground moraines of successive ice invasions with their 
ontwash sands and gravels and interbedded deposits of inter- 
glacial epochs). All this material, both published and unpxb- 
lished, was generously placed at the disposal of the writers vy 
the late Dr. Samuel Calvin, director of the Iowa Geological 
Survey, and it has been very freely drawn upon in each of the 
county reports. 


OBJECT OF THE INVESTIGATION 


The need of the scientific investigation of artesian waters is 
obvious to all. Many of these deep zones of flow lie far below 
the surface and below the sources that supply the common wells. 
The local well driller can not be expected to know either the 
quantity or the quality of artesian waters or the depth at which 
they can be reached. Town councils in considering municipal 
supply often send committees to the nearest towns which have 
deep wells to obtain such facts as may throw light upon tle local 
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problem. Information thus gathered may be useful or it may 
be misleading; it is always insufficient and inconclusive. There 
is needed the skillful interpretation of data collected from a wide 
area, a knowledge of the geologic structure and acquaintance 
with the distribution and movements of deep waters. For house 
wells in towns, and for common farm wells, the knowledge of local 
conditions held by the well drillers of the district is ordinarily 
sufficient. Yet even here a scientific knowledge of general as 
well as local conditions often makes it possible to suggest new 
and better sources of ground water or new and better methods 
of utilizing those now in use. 

The object of the investigation, whose results are here pre- 
sented, is to furnish to each community so far as possible de- 
ductions made from the entire body of facts obtainable, showing 
whether artesian water can be found at that locality, at what 
depths it may be reached, through what formations the drill 
must pass, what mineral compounds—healthful or harmful— 
the water is likely to contain, how high it will rise, how large 
will be its discharge, and how such a supply will compare in cost, 
purity, permanence, and general availability with that from 
other sources. 


COOPERATION WITH THE UNITED STATES GEOLOG.- 
ICAL SURVEY 


So far as the investigation concerns artesian waters, it has 
been carried on jointly by the United States Geological Sur- 
vey and the Iowa Geological Survey. The State Survey began 
this investigation at the time of its inception, the work being 
under the charge of W. H. Norton. The earlier results are pub- 
lished in its annual reports.’ Since 1896 the Iowa Survey has 
continued to gather data and to furnish to towns, corporations, 
and individuals all obtainable information relating to deep wells, 
together with forecasts of local artesian conditions. The cooper- 
ation between the state and national surveys has resulted in a ° 
more thorough investigation. 

In the present report free use is made of all material gathered 
under the direction of both surveys. It seems desirable to col- 


iAnn. Rept. Iowa Geol. Survey, vol. 3, 1893, pp. 169-210; vol. 6, 1896, pp. 115-428 
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lect in one report the entire body of data relating to the sub- 
ject as a basis for the deductions which may be drawn there- 
from. 


GEOLOGIC INVESTIGATION OF WELLS 
MEANS OF INVESTIGATION. 


The distribution and the quality of artesian waters are so 
intimately connected with geologic conditions that their profit- 
able study must concern itself first with the attitude, the tex- 
ture, and the composition of the deep rocks from which the 
waters rise. In a general way much may be inferred as to 
these features from the character of the formations where they 
outcrop, for here their thickness may be measured and their 
various physical characteristics may be observed. The dip or in- 
clination of any terrane gives some clue to the probable depth 
ut which it may be found at a given distance from the outcrop. 
But in an area so large as Iowa formations that dip below the 
surface may be expected to thicken or to thin, to pinch out, to 
be replaced by other formations which may have no outerop, 
to change their chemical composition or their texture, and to be 
affected by various upwarps and downwarps which may have 
no surface expression. 

For all these reasons the investigation of the deeper water 
beds must be based not only on the surface geology of the state 
but also on all geologic facts obtainable from drill holes as to 
the strata through which they have passed as set forth in the 
logs of drillers and the samples of the rock cuttings of the drill. 
From these data the attempt is made to correlate the strata 
penetrated by any well with known terranes outcropping else- 
where and found in other wells, to ascertain the geologic forma- 
tions to which the strata belong, and thus to construct a geologic 
section at the locality of the well to the depth of the boring. 
By connecting the sections of different wells in different parts 
. of the state, cross sections may be had which show the geologic 
structure of many parts of the area to depths of 2,000 and even 
of 3,000 feet, and which indicate the depth to which new wells 
in the area must be sunk to reach the deep-lying water beds. 
Plates V to XVIII supply examples of such sections in different 
parts of the state. 
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AVAILABLE DATA. 


The data on which a geologic investigation of deep wells must 
rest consist of records made and samples of drillings collected 
when the well was put down. Necessarily they are largely seec- 
ond-hand and are incapable of verification. A report such as 
this deals with thousands of statements and observations made 
by many individuals, and the writer can do little except to deter- 
mine the lithologic character of deep-well drillings, and in draw- 
ing inferences from these he must accept the reports of others 
as to the thickness and location of the strata which they repre- 
sent. Fortunately, many owners of deep wells and many oiter 
citizens realize the scientific and practical value of the facts 
which can be obtained when a well is being drilled and at that 
time only, and these persons have placed on record many val- 
uable data as to diameters of the bore and casings, fluctuations 
of water in the tube, depth, discharge, and head of water hor- 
izons, and have obtained both the driller’s log and samples of 
the drillings. In practically every place where such data have 
been gathered and preserved they have been placed at the ser- 
vice and disposal of the surveys. Unfortunately, of many weils 
little or nothing, except the existing head, discharge, and quality 
of the water, is known or can ever be known, In many parts 
of the state the writer is quite in the dark as to artesian con- 
ditions and is unable to make reliable forecasts for towns de- 
siring to sink deep wells, not because no deep wells have ever 
been drilled within the area, but because when they were put 
down no record was made of the essential facts. 


SAMPLES OF DRILLINGS. 


COLLECTION AND STORAGE, 


Since the beginning of this investigation a special effort has 
been made to obtain full sets of samples of the drillings of the 
deep wells of the state, and it is on these samples that the geo- 
logic part of this report is largely based. Where such samples 
are taken directly from the slush bucket and labeled at once 
with the exact depth from which they were drawn, they form 
the most authentic record possible of the strata penetrated. 
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When thus taken, at intervals not exceeding 10 feet. and at every 
‘‘change’’ in the strata, they afford a lithologic record and sec- 
tion inferior in value only to an exposure of the edges of the 
strata in an outerop. Such reliable data have been obtained 
from ‘an exceptionally large number of Iowa deep wells. 


The value of sets of cuttings from some wells has been im- 
paired by the neglect of precautions which should be obvious. 
Thus, if the samples are taken only at every ‘‘change”’ of the 
strata, it is left entirely to the judgment of the workman who 
empties the contents of the slush bucket to decide whether or 
not there has been any change. Several hundred feet of lime- 
stone, including two or more geologic formations, may be rep- 
resented by a single sample. The depth is not always carefully 
taken, and remeasurements of the well on completion have 
shown that the driller’s estimates of depth placed on samples 
_ or in the log were incorrect. If, however, the inaccuracy affects 
all depths about alike little serious error is likely to result. 

Some samples of drillings seem to have been labeled from 
memory after a considerable lapse of time. This fact affords 
an explanation of the reported cceurrence of drift clays 1,000 
feet and more below the surface, and perhaps also lof the 
occurrence of several samples of nonmagnesian limestones of 
Platteville facies below the Saint Peter sandstone. Some sam- 
ples seem to have been scraped up from the ground instead of 
being taken in some clean receptacle immediately from the sand 
pump. The cinders which may be included are easily disre- 
garded, but the admixture of chippings from higher levels is 
serious. In one or two extreme cases it seems probable that at 
the completion of the well the workmen went over the outwash 
from the slush bucket, dug up a sample here and there, and 
labeled it according to their recollection. But even such a record 
may be of value if nothing better is available. 

The samples collected under the direction of the United States 
Survey were sent to Washington in stout canvas bags provided 
with labels and were there transferred to wide-mouthed glass 
bottles with screw aluminum covers. In the collection made 
earlier for the Iowa State Survey most of the samples were 
taken directly from the slush bucket, put into empty cigar boxes, 
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labeled, and shipped to the writer at Mount Vernon, where they 
were transferred to wide-mouthed glass bottles for permanent 
preservation, each sample being thus kept separate and access- 
ible. Some of the samples presented to the survey had been 
mounted in long glass tubes, in which the chippings of any ter- 
rane‘are supposed to occupy a space proportional to the actual 
thickness of the terrane. Such a method of mounting has a 
certain advantage for purposes of exhibition, but its disadvan- 
tages are so great that it must be unqualifiedly condemned. The 
drillings from different strata settle and tend to mix. They can 
not be taken from the tube for study, and no adequate inspec- 
tion can be made through the glass. Sooner or later the long 
tube is sure to be broken and the record of the geologic sec- 
tion is irretrievably lost. 

Drillings should not be washed. When the drill is working 
in a pure limestone waishing does little harm, for it removes 
only the fine flour of the stone, whose quality is fully repre- 
sented in the larger chippings. But with some marls and shales 
and with clayey sandstones the removal of the finer material 
in washing leaves a residue far from representative of the rock. 
In some seis certain samples had been washed and others not, 
_thus making error possible in the determinations, except where 
the treatment to which the cuttings had been subjected was in- 
dicated on the labels or could be told by inspection. 

For all scientific purposes samples should be taken directly 
from the sand pump at every 5 or 10 feet, at the end of a clean- 
ing out, and at every change of stratum. They should be placed, 
unwashed, in wide-mouthed bottles or glass jars (one to four 
ounce bottles are large enough) and plainly and accurately la- 
beled in india ink with the names of the town or other location 
and of the owner, the date, and the depth from which each was 
taken. 


STUDY OF SAMPLES. 
PETROGRAPHIC EXAMINATION. 


The drillings were studied petrographically as an aid in ident- 
ifying from well to well, the strata from which they came. With 
some samples a simple inspection was sufficient, but, as a rule, 
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this inspection was supplemented by other tests, Under polar-_ 
ized light in the field of the petrographic microscope the min- 
erals making up the meal or flour of the drillings were gener- 
ally readily determined and their relative proportion in the 
rock was roughly indicated by their proportion in the micro- 
scopic field. Crystalline silica, flint and chalcedony, gypsum and 
anhydrite, glauconite, pyrite, and calcite—to mention only com- 
mon minerals of the sedimentary rocks—were thus distinguish- 
ed. The microscope was used also in determining the texture 
of such rocks as oolites, fine-grained sandstones composed of 
angular quartzose particles, sandstones of grains of crystalline 
quartz of various degrees of rounding and assortment, and sand- 
stones whose grains have been enlarged by secondarily depos- 
ited silica. Limestones were tested with weak cold hydrochloric 
acid, free effervescence indicating a small percentage or total 
absence of magnesium carbonate, and a slow and feeble effer- 
vescence a high percentage of the same carbonate, unless at- 
tributable to siliceous, or other impurities. Residues after di- 
gestion in strong acid determined the argillaceous and siliceous 
contents of impure limestones. The relative amount of mag- 
nesium carbonate in some limestones was roughly estimated 
after a solution in hydrochloric acid had been neutralized with _ 
ammonium carbonate and treated successively with ammonium 
oxalate and hydric disodic phosphate. Through the kindness of 
Dr. Nicholas Knight, professor of chemistry in Cornell Coliege, 
lowa, the services of several of his advanced students were 
placed at the disposal of the writer, and a number of quantita- 
tive analyses of samples of terranes of special interest were 
made in the chemical laboratory of that college. 


POSSIBILITIES OF ERROR. 


Mention should be made of certain possibilities of error in 
any determination of the nature and thickness of the rock by 
means of drillings. 


The most serious of these errors is due to fewness of sam- 
ples. Where, as in some deep wells, samples are taken at reg- 
ular intervals of 100 feet, little indeed can be determined as to 
the geological succession. Where samples are taken at irregu- 
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Jar or considerable intervals, it may be naturally assumed that 
each sample represented to the driller a stratum of homogen- 
eous rock and that each sample was taken at the change and thus 
designates the summit of its own terrane and the base of the 
terrane above it. This assumption may or may not be correct. 
Any such sample may possibly be taken midway or at any 
other point within a terrane instead of at its top, and the as- 
sumed thickness of one terrane may be as much too little as that 
of the next terrane is too great. This source of error is avoided 
when a sample is labeled not only with. its own depth but with 
the upper and lower limits of the stratum which it is supposed 
to represent, In the columnar geologic sections of this report 
the uncertainty attaching to the thickness of a terrane from this 
cause is indicated by drawing the terrane over the area of 
uncertainty as a right triangle with apex downward. (See Tip- 
ton section, Pl. X.) 

‘Another source of possible error lies in the fact that the con- 
tents of the slush bucket may not correctly represent the rock in 
which the drill is working. Along with cuttings from the con- 
tiguous rock are fragments of other and higher strata. The vib- 
ration of ropes and rods and the lifting and lowering of the drill 
and other implements may detach pieces of rock from any higher 
stratum. Caving shales and incoherent sandstones furnish a 
large admixture of shale and sand to the cuttings at the bottom 
of the drill hole. Thus black coaly shale from the Coal Measures 
(Pennsylvanian) may be recognized in otherwise clean limestone 
chips of the Mississippian or inferior terranes; the fossiliferous 
green shale of the Platteville is seen mingled with cuttings in 
. the dolomites of the Prairie du Chien stage; and the Saint Peter 
and Jordan sandstones contribute a large arenaceous content io 
the cuttings of the dolomites below. 

Where strata of different character alternate at short inter- 
vals the mingling of cuttings makes the determination of the 
rocks peculiarly difficult. Drillings from Ordovician and Cam- 
brian strata below the Saint Peter in many places contain a mix- 
ture of rolled quartz grains and chips of dolomite, and it may be 
a delicate question to decide whether the sand is wholly foreign, 
having fallen in from water-washed, loose, overlying sandstones, 
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or whether it is more or less native—that is, whether the sample 
represents either a pure dolomite on the one hand or an aren- 
aceous dolomite or a calciferous sandstone on the other. If it is 
decided that some of the sand is native to the stratum, it still 
remains to be discovered whether the sand is disseminated 
through the dolomite or exists in thin interbedded layers. In 
some samples an interbedded sand grain or mold of sand in some 
larger chips of dolomite may decide in favor of dissemination. 

In some drillings material fallen from above may be dis- 
tinguished by its lithologic nature or by the size or shape of its 
fragments. The dislodged pieces from the sides of the drill hole 
should as a rule be larger than drill cuttings and of different 
shape. Fragments of easily worn shales fallen from overlying 
beds soon assume a rounded form. But in many wells, as, for 
example, where fragments from above have themselves been 
cut into chips by the drill, these tests are not decisive and the 
real nature of the bottom rock must be left in some doubt. To 
keep distinct the facts observed in the study of well drillings 
from the inferences drawn by the observer, a complete statement 
of the composition of the drillings should be given as well as 
an opinion as to the character of rock which they represent. 


CORRELATION OF ROCK FORMATIONS. 


The methods in correlation and the degree of certainty to be 
attained must next be considered. If an unbroken series of drill- 
ings from the top to the bottom of the well has been obtained, 
by what methods can the different rocks thus represented be 
assigned to known formations? . 


FOSSILS. 


The occurrence of a series of fossils in a given terrane—the 
sure means employed by the geologist whenever possible in his 
correlations—is lacking in well records and samples. The drill 
cuts and crushes the harder rocks to fine meal or powder and 
the softer to small chips. It is the rarest of good fortune that 
the drill leaves any fossil unbroken into unidentifiable frag- 
ments. The smaller the fossil the greater its chances of escape. 
The minute tests of the foraminifer Fusulina are sometimes ob- 
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tained intact in considerable numbers from certain strata in the 
Coal Measures. Rocks fallen from higher strata in the drill 
hole give fragments of considerable size, and when these are 
fossiliferous and their own horizon can be determined by lith- 
ologic identity, they are of the greatest value. Thus the caving 
green shale of the Platteville is in places highly fossiliferous 
and its fragments, along with bits of Ordovician brachiopods 
characteristic of the horizon, are often brought up when the drill 
is working in the subjacent strata. But such fossils will be a 
source of. the gravest error if it is assumed that they belong to 
the same formation as that of the cuttings brought up with them 
from the bottom of the well. 


LITHOLOGIC SIMILARITY. 


The lithologie method employed by geologists in the field in 
tracing a terrane from point to point is by no means infallible 
when applied in studies of deep wells, but it is used when other 
methods are lacking. Certain terranes exhibit the same well-de- 
fined lithologic characteristics over a large part of Iowa and ad- 
jacent states. The coaly shale of the Pennsylvanian can hardly 
be mistaken for the caleareous (mud rock) shale of the Ma- 
quoketa, nor can either be confounded with the glauconiferous 
shales of the Cambrian. The white crystalline encrinital lme- 
stone and-the cherts and oolites and geodiferous beds of the 
Mississippian are diagnostic, and the same is true of the arena- 
cous cherty dolomites of the magnesian Prairie du Chien stage. 
The presence of anhydrite or gypsum in certain beds has been 
used to correlate rocks in widely separated wells. 

The magnesian carbonate content of limestones can be used 
as a means of correlation, but must be used with care. Thus, so 
far as known, from the Shakopee dolomite down all limestones 
throughout the state are thoroughly dolomitized. But above the 
Shakopee the changes in the magnesian content in the same ter- 
rane may be rapid and complete. Thus at Dubuque the Galena is 
a dolomite, but at Manchester, forty miles west, a deep-well sec- 
tion finds it wholly of ordinary limestone. Similarly, some of the 
Devonian limestones of east-central Iowa pass into dolomites in 
the northern counties. 
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The lithologic nature of a terrane may be expected to change 
over so broadly extended an area as the state of Iowa. One 
formation may thin and disappear and give place to other for- 
mations of the same series. Thus the Niagaran dolomite of north- 
eastern Iowa apparently gives place to Silurian sandstones or 
sandy limestone in southeastern Iowa; and gypsiferous beds, 
perhaps of Salina age, appear in deep wells at stations as far 
separated as Mount Pleasant, Des Moines, Bedford and Glen- 
wood. An entire system may disappear; for example, the Sil- 
urian in the extreme northeastern parts of the area occupied by 
the Devonian in Iowa. , 

Lithologic similarity may only exceptionally be used as the sole 
means of correlation. It is a belief as mistaken as it is prevalent, 
that a geologist can identify a formation simply by means of the 
physical characteristics of its rocks. In the study of deep wells 
this means should be used only with the greatest care and in 
combination with other and better methods, 


ORDER OF SUCCESSION. 


A third means of correlation is that of order of. succession. 
The terranes of Iowa, for example, do not occur haphazard. They 
were laid down in a definite order during the long ages of geologic 
time and for the most part on the floors of ancient seas. The old- 
est is therefore found at the bottom and the most recent at the 
top, the strata having suffered no inversive deformation. The 
application of this method of correlation may be illustrated from 
the general columnar section of Iowa (PI. IT), in which the for- 
mations are arranged in the due order of their succession. It is 
plain that on the areas of outcrop of the Silurian the first heavy 
shale which the drill encounters must be the Maquoketa. In the 
Mississippian area a heavy shale found near the surface may be 
identified as belonging to the Kinderhook, and the Maquoketa 
will be reached only after passing through the intervening De- 
vonian and Silurian limestones. In the Pennsylvanian area an- 
other and still higher body of shales belonging to the country 
rock is first penetrated and the Maquoketa becomes the third 
heavy shale bed in the descending series. 


INTRODUCTION 43 
DIP OF STRATA. 


A fourth aid in interpreting the drillings is the known dip of 
the strata. A glance at any of the geologic sections of the state, 
such as that shown in Plate XI (along the Chicago & North West- 
ern railway from Clinton west), shows a general westward down- 
ward slope to all terranes. The second body of shale at Belle 
Plaine may be recognized as the Maquoketa, not only by lithologic 
similarity to the limy shales of that formation over its outcrops 
to the northeast and by its position in the series, but also by the 
fact that it occurs at about the depth to which the known westerly 
dip of the strata would carry it from its known position at Cedar 
Rapids. ) 

Local exceptions to prevailing dips may be expected any- 
where. Upwarps and downwarps, sags and swells, thickenings 
and thinnings may bring any formation nearer to or farther 
from the surface at a given point than would be expected. Thus 
at Ames (see Pl. XI) an upwarp of the entire body of strata 
brings each formation higher than the position which would have 
been deduced from the general dip. In southeastern Iowa also 
the dip of the surface formations is found reversed in the deeper 
terranes. 


DIFFICULTY OF DEMARCATION. 


In some deep-well sections insuperable difficulties are found 
in drawing the boundaries between adjoining terranes. No at- 
tempt has been made to discriminate the limestone of the Kinder- 
hook stage from the limestones of the Osage stage (Burlington 
and Keokuk) which rest upon it nor the limestones of the upper 
part of the Maquoketa shale from the Silurian limestones which 
they underlie. Upper Devonian shales can not be separated 
with any certainty from the shales of the Kinderhook where the 
two are in immediate succession. With increasing distance from 
the outcrops of Devonian and Silurian limestones and with a 
changing facies in each it becomes in places impossible to draw 
any sure line between them. It must be understood, therefore, 
that in the interpretation of the sections the assignment of for- 
mations is not offered with the confidence of the field geologist. 
In many of the sections there may be a close approach to cer- 
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tainty; in others the reference is made from scanty data.and on 
some slight turn of the scale of evidence. Realizing the nature 
of the data dealt with, the meager, second-hand, and sometimes 
untrustworthy evidence at hand, the difficulties of interpretation, 
and the possibilities of error, the writer submits his tentative 
conclusions in a spirit far removed from any dogmatism. 


FORECASTS. 


s 


Information is often sought by cities, officials, and representa- 
tives of railways and other corporations and by private citizens 
as to probabilities of an artesian supply in their localities. In 
response to such requests many forecasts have been made as 
to the depth at which artesian water may be found, its pressure, 
quantity, quality, and availability for specific uses. To make 
this report as helpful as possible, forecasts have been made for 
all the towns of the state whose population indicates that an 
artesian supply may be needed, and in which the artesian field 
has not been already fully exploited. These forecasts will be 
found in the county descriptions, 


In using these forecasts as a basis for estimating the depth to 
water-bearing strata at any given point, it must be remembered 
that many of the data on which they rest are scanty, some are 
conflicting, and others are no doubt erroneous. Estimates as to 
the depth to water beds necessarily assume uniform degree of 
dip and uniform thickness of strata over given areas, whereas in 
fact the strata vary in thickness from place to place and are 
affected by local upwarps and downwarps that tend to bring 
them nearer to or farther from the surface than would be com- 
puted on the assumption of an unvarying dip. The information 
given must not be used as if it had the exactness of calculations 
based on accurate data. 


Nevertheless enough is known of the attitude and nature of 
the deeper rocks of Iowa to permit forecasts that may be of 
considerable value and perhaps sufficiently close for the pur- 
pose for which they are made. The degree of approximation 
which the data permit is evident by comparing forecasts already 
made with the facts afterward disclosed by the drill. Thus at 
Osage (Pl. VII) the Saint Peter sandstone was predicted at 700 
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to 750 feet from the surface and was found at 715 feet; at Charles 
City (Pl. VIL) the same formation was forecast at 800 feet and 
was found at 780 feet; at Fort Dodge (PI. VI) it was forecast at 
1,300 to 1,500 feet and was found at 1,408 feet; at Waterloo (PI. 
VI) it was forecast at 835 feet and was found at 815 feet; at 
Bloomfield it was forecast at 1,230 feet and was found either at 
1,190 or, more probably, at 1,445 feet, che records of the well 
being very incomplete. At Mount Pleasant (Pl. XIII) the Saint 
Peter sandstone was found within 57 feet of the predicted depth. 

Hiow far local deformations, entirely unknown before the drill- 
ing of a well, may cause an error in forecast is indicated by the 
deep well at Ames. No predictions were made, but if it had been 
assumed that the Saint Peter had the same dip west of Cedar 
Rapids.that it is known to have east of that city, the estimates 
of its depth at Ames would have been 250 feet too low, as the 
drill disclosed a local, upwarp which brought the Saint Peter that 
far above its normal place (Pl. XI). At New Hampton (PI. V) 
the Saint Peter was found 150 feet below where it would have 
been expected and predicted on the assumption of an uniform 
southward dip from Mason City to Ackley. In southwestern 
Iowa, where data are exceedingly scanty, the base of the Penn- 
sylvanian at Bedford (Pl. XVIII) was forecast at 140 feet be- 
low sea level. The base of the Pennsylvanian shale was, indeed, 
found at 82 feet below sea level, but the intervention of a heavy 
sandstone, which probably should be classed with the Pennsyl- 
vanian, brought the base of the latter to 240 feet below sea level 
(see fig. 6.) The water horizons of the heavy magnesian lime- 
stones of this area were predicted to oceur not more than 900 
feet below sea level, and were found at Bedford at 850 feet 
below that datum. Contracts for artesian wells should make 
provision for drilling at specified rates for several hundred feet 
beyond the supposedly necessary depth. 
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has done much work in the state, were destroyed some years ago 
by fire, and some other firms seem to have preserved few or no 
data as to the wells which they have drilled. The opinion of 
the foreman ag to the character of the strata in which the 
drill is working is always of value, for he has means of inference 
as to the strata in the ‘‘chuck’’ and in the wear of the drill as 
well as in the character of the drillings brought up in the slush 
bucket. 


CHEMICAL INVESTIGATION OF WELL WATERS 
BY W. S. HENDRIXSON. 
SCOPE OF INVESTIGATION. 


In the investigation of the quality of Iowa ground waters 
the practical aim has been kept in view. No attempt has been 
made to find exceptional waters containing uncommon mineral 
matter or common mineral constituents in uncommon propor- 
tions. The object has been to determine the inorganic chemical 
substances in average and representative well waters in many 
loéalities from the three sources, the alluvium, the drift, and 
the stratified rock. Springs of large flows from known forma- 
tions have also received attention. Wells supplying towns or 
important industrial establishments have been investigated in 
preference to those supplying only a single home or farm. 
Little attention has been given to shallow wells reaching only 
a Short distance into the clay and supplied from it by seepage, 
or to wells on river banks which evidently obtain their water 
from the rivers by percolation through a few feet of sand or 
elay. 

The small funds for the work have made it necessary to avoid 
duplication. One or two wells of about the same depth and 
casing in a locality have been deemed sufficient to indicate the 
quality at that place, unless the wells were very deep and 
reached. the extensive aquifers. Wells of the latter type are 
likely to be of more importance, and as a matter of fact their eas- 
ings are likely to be of very different lengths and are frequently 
defective. It was, therefore, considered desirable to secure an- 
alyses of several such wells, even if close together, in order to 
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eliminate the accidental to some degree and to draw more nearly 
accurate conclusions as 'to what quality of water the main 
sources of supply might be expected to furnish at that point. 
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CHAPTER T. 


TOPOGRAPHY AND CLIMATE. 


BY HOWARD E. SIMPSON. 


TOPOGRAPAY 


RELIEF. 


Iowa has but one primary physiographic form—the prairie 

plain. Taken as a whole it is the most typical prairie state of 
the Union. Here waving grasses once covered the rolling up- 
lands and deciduous trees bordered the dark and slowly mean- 
dering streams. Now the deep, rich soils, moistened by ample and 
well distributed rainfall, offer rich return for agriculture, and 
artificial groves dot the landscape in every direction. 
_ The relief is slight. The general surface elevation varies from 
494 feet above sea level at Keokuk in the extreme southeast cor- 
ner to 1.551 feet at Ocheyedan in Osceola county near the north- 
west corner, a range of slightly more than 1,000 feet. The total 
range in altitude between the low water of Mississippi river 
where it leaves the state at Keokuk and the highest mound on the 
great divide in Osceola county is not exactly known, but it does 
not exceed 1,200 feet, a slight relief for an area of 55,475 square 
miles. 

Originally this plain was an old sea floor. The alternating 
layers of sands, muds, and lime deposits of which it consisted 
were slowly cemented and consolidated into sandstones and 
limestones and raised by gentle uplift into the great interior 
plain which slopes southward from the old lands of Canada and 
the Lake Superior region. Time did not materially disturb the 
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rock layers of this ancient coastal plain except to bevel off their 
surface and they still dip away slightly to the southwest, with 
searcely a fold or fault to break the unity. The surface varia- 
tions were largely the result ef long-continued é¢rosion by 
weather and running water, greatly modified and almost oblit- 
erated over the larger portion of the state by glacial ice. 


DRAINAGE. 


Though lying entirely within the Mississippi basin, the rivers 
of the state, when viewed as a whole, are readily separable into 
two distinct systems, one of which drains to the Mississippi and 
the other to the Missouri. The divide between these two sys- 
tems enters the state a few miles east of Spirit lake, passes 
southward through the eastern parts of Dickinson and Clay 
counties, thence through Buena- Vista, Sae, Carroll, Guthrie, 
and Adair counties. Thus far it is a broad, flat, and in- 
conspicuous ridge. The direct extension of this ridge, 
somewhat better defined than before, continues southward 
through Union, Ringgold and Decatur counties to the Missouri 
state line. The divide proper, however, turns eastward through 
Clarke, Lucas and Monroe counties, and thence goes southward 
through Appanoose county around the headwaters of Grand and 
Chariton rivers, which turn southwestward after crossing the 
state line and flow into Missouri river. The rivers of the Missis- 
Sippi system have a southeastern trend, those of the Missouri 
system a southwestern trend consequent upon the original slope 
of the plain. The direction of the minor streams generally does 
not depend in any way on the character or structure of the under- 
lying rock. 


SUBDIVISIONS. 


Though Iowa may not be divided into physiographic provinces 
on the basis of primary land forms, the work of the continental 
ice sheets in smoothing down the hills, filling up the valleys, and 
spreading a leveling mantle of drift over wide areas, has resulted 
in such marked modification of the preglacial topography that 
the state may be readily divided into the driftless area and the 
drift area. 

4 
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All of Iowa, except a narrow strip lying along Mississippi 
river in the northeast corner of the state and including Alla- 
makee county and the northeastern portions of Winneshiek, 
Clayton, Dubuque, and Jackson counties has been overridden 
by glacial ice. The topography of this strip is in sharp con- 
trast with that of the drift-covered area and must fairly rep- 
resent the topography of the entire state before the great ice 
invasion. Weather and running water have had continuous and 
undisturbed action on nearly horizontal rocks of varying hard- 
ness for a long period of time, and the surface has reached the 
stage of mature dissection. 


RELIEF. 


Chief among the many interesting topographic features of 
the driftless area is the valley of the Mississippi. The Missis- 
sippi flows from the north through a remarkably steep-sided, 
rock-walled valley 400 to 500 feet deep and one to three miles 
wide, swinging south in great and gentle curves such as could 
be carved only by an earlier stream of far greater volume. The 
present Mississippi clearly misfits its valley, flowing througn a 
braided network of shifting channels and leaving in its changes 
numerous ponds, lakes, and bayous on the broad plain which now 
forms its valley floor. That the valley has been extensively filled 
is evident from well borings, which reveal great thicknesses of 
sand, clay and gravel; at McGregor, for instance, 187 feet of 
sediment, evidently of glacial origin, is found above the ancient 
rock channel. The larger tributaries flow in rock-walled, flat- 
bottomed valleys 100 to 300 feet beneath abrupt bluffs on either 
side and 500 to 600 feet beneath the crests of rounded dividing 
ridges. Near their headwaters they flow through steep-sided 
rocky gorges, and their tributaries have sharply carved and 
thoroughly drained the uplands. Farther down the walls retreat, 
the uplands break into rugged ridges, rounded hills, and flat- 
topped mounds. Here and there, as between Turkey and Missis- 
sippl rivers, they terminate in the sharp points crowned with 
picturesque pinnacles, towers, and long mural escarpments that 
result from the presence of strong cliff-forming rocks under- 
lain by weaker slope makers. 
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The main valleys have been cut considerably deeper than their 
present floors and are aggraded with alluvium, probably Pleisto- 
cene in age. Thus the wells at New Albin strike rock at from 
130 to 140 feet from the surface, or more than 100 feet below 
the present river levels. Moreover, old terraces, remnants of 
ancient flood plains, standing as high as 60 feet above the rivers, 
mark the height of the streams of the region when they ceased 


aggrading their rock-cut valleys and resumed the task of degra- 
dation. | 


SOILS, 


The soil of the area is chiefly residual, resulting from the 
decay of the country rocks in place. The upland, however, is 
broadly mantled by loess, a fine, porous clay. Many of the 
steep slopes characteristic of the region are nearly bare, the 
loess cover being generally absent. The larger valley floors are 
commonly filled with water-bearing sands and gravels, overlain 
by rich alluvium. 


DRAINAGE. 


The drainage system of the driftless area is completely de- 
veloped except for the lakes and other undrained areas on the 
flood plains. Underground drainage is not uncommon in the area 
- underlain by limestones, as is shown by sink holes, limestone cav- 
erns in the uplands, and numerous large springs which rise in the 
valleys. The topography of the driftless area has a very marked 
influence on the underground water conditions. In the deep dis- 
section of the country the many water-bearing beds, such as 
limestone and sandstone, are cut through in many places by 
the stream valleys, and the water is permitted to escape as 
seepage and as springs from numerous joints and fissures or 
over shale horizons. 


The slopes are so numerous and steep that water can not 
linger on the uplands in pools or ponds, but is shed rapidly into 
the streams, affording little opportunity for either evaporation 
or absorption and giving rise to occasional floods, which cause 
serious damage to towns like McGregor and Decorah, which are 
situated in the valleys. 
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The residual soil is tenacious and relatively impervious, and 
so absorbs little water. The loess is porous but comparatively 
thin. The broad, flat uplands away from the valleys are the 
best retainers of moisture. In them the ground-water level 
stands high, and sballow wells may be had in many places, though 
the supply is scanty, for seepage is slow. The ground-water 
level, as a rule, however, stands low, owing to natural drainage 
through deep dissection. Rock: wells are most common and 
depths of from 300 feet to 600 feet are not unusual. In the val- 
leys the ground-water level is but slightly below the surface, 
and the gravels and sands in the filled valleys carry a strong tn- 
derflow, yielding abundant water at slight depths. 


DRIFT AREA. 
GENERAL CHARACTER. 


With the exception of the driftless area above described, 
every portion of the state of Iowa was occupied by an ice sheet 
at least once during the glacial epoch. The general effect of 
the ice work was to wear away the more prominent topographic 
prominences, to fill the valleys, and to spread rock waste over 
the area. Portions of the state were several times invaded by 
ice, which left the sheets of till, varying in smoothness and 
thickness, that combine to form the present mantle of drift—a 
mantle averaging in thickness from 100 to 200 feet, with a prob- 
able maximum of 600 feet in Louisa county. 

The topography of this region is young as compared with that 
of the driftless area, and is generally independent of the geologic 
structure of the underlying rocks. Only along the margins 
bordering the driftless area and in the valleys of the larger 
streams is it influenced by the preglacial topography. The topo- 
graphic features are chiefly due either to the manner in which 
the ice laid down its load of waste or to the subsequent action 
of the agents of erosion. 

On the whole, the surface left on the retreat of the glacial ice 
was a gently undulating plain. Only near the margins of the 
drift sheets or at places where long pauses were made in the 
retreat of the ice front were marked irregularities produced. 
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Here belts of hills with alternating depressions were formed by 
the irregular heaping up of the drift material, producing ter- 
minal or recessional moraines having characteristic knob and 
kettle topography. The material is chiefly till, a mixture of 
clay, sand, pebbles and bowlders of all kinds, deposited directly 
by the ice. Associated with this are beds of sand and gravel 
left by streams of running water and fine clays deposited in 
quiet waters. Overlying the drift sheets of the earlier ice in- 
vasions over more than half the state is a fine, porous clay of 
peculiar vertical cleavage called loess. This formation is of 
eolian or aqueous origin and can be readily distinguished from 
the underlying drift by its lack of pebbles and bowlders. It 
tended to smooth over the slight inequalities of the drift sheets 
on which it was deposited. 


DRIFT SHEETS. 


At least five different ice invasions, each of which deposited a 
sheet of drift, entered Iowa from slightly different directions 
and at widely separated periods of time during the glacial 
_ epoch. The drift of the first invasion, known as the Nebraskan 
(pre-Kansan) was everywhere overridden by later ice sheets 
and is not known to influence the topography of the state. The 
deposits of the remaining four invasions, the Kansan, Ilinoian, 
Iowan and Wisconsin are represented on the surface by areas 
of drift differing only shghtly in composition but very greatly 
in age and topographic form. 


KANSAN DRIFT. 


The oldest drift sheet appearing on the surface in Iowa is 
the Kansan, which heavily mantles the entire state with the 
exception of the driftless area already deseribed and is ex- 
posed in the southern and western portions over an area equal 
to half the area of the state. <A line connecting Fort Madison, 
Iowa City, Des Moines, Carroll and Sibley roughly separates 
the exposed Kansan area from that to the north and east, which 
is covered by younger drift sheets. 


The evidence offered by unaltered remnants of the old Kansan 
drift leads to the inference that its surface must have been very 
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gently undulating and have been characterized by the absence 
of moraines, drumlins, kames, and other hills due to accumu- 
lation. The relief of today has therefore been developed by 
the action of weather and running water through long periods 
of time. So long have these agents of erosion been at work 
on the Kansan area that they have in most places drained it and 
reduced it to a high degree of maturity characterized by a 
heavily rolling topography. 

The drainage is so complete that lakes, ponds and other 
bodies of standing water are practically unknown except on the 
flood plains of large streams. The slopes are so steep and the 
run-off so rapid that little opportunity for absorption or for - 
evaporation is given as compared with the areas of younger 
drift. On the other hand, the loess cover is so porous as to ab- 
sorb a slow rainfall very rapidly. The ground water is rela- 
tively low, especially on the higher region about the Mississippi- 
Missouri divide. It is higher, however, than in the maturely dis- 
sected region of the driftless area, where slopes are very steep 
and soils tenacious. 

Not all the uplands are so thoroughly dissected. Away from 
the larger rivers broad flat-topped divides retain many of the 
surface features of the original drift plain. Long, low swells 
alternate with shallow swales, through which sharp stream 
channels have been excavated by storm waters. A few damp 
sloughs and small patches of marsh grass in gentle depressions 
indicate that here at least youth lingers in the midst of ma- 
turity. In such an upland much of the storm rainfall is ab- 
sorbed; ground-water level is found close to the surface in the 
swales; and shallow wells are common, even on the low swells 
where ihe houses are located. 

Nearer the rivers little of the Hise remains and the country 
is sharply broken into hills and valleys. The slopes, though 
not so steep as in the driftless area, show frequent outcrops of 
bedrock, from which springs flow in places and seepage is com- 
mon. The larger streams occupy broad flat bottomed valleys 
and meander over well developed flood plains. So long have they 
worked that many of them have discovered preglacial channels 
in which they are now flowing. In the valleys the ground-water 
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table coincides with the surface of the stream and rises in general 
toward the valley sides. Shallow dug wells reach water a few 
feet down; where gravels and sands have been deposited in the 
valley the underflow is strong and easily obtained by means of 
driven wells. 

Owing to the steeper slope of the plain in the southwestern 
portion of the state, west of the Mississippi-Missouri divide, and 
the short distance of the headwaters from the master stream, a 
maturity has been attained beyond that of any other drift cov- 
ered portion of the state. The rivers flow through deep, broad. 
nearly parallel valleys, the floors of which are underlain by 
gravel, sand and clay. Most striking of the valleys, perhaps, 
are those of Nishnabotna and Nodaway rivers. The val- 
‘ley floors of these range from one to four miles in width and are 
so terraced that only a narrow belt is exposed to frequent flood 
water. Throughout the valleys shallow wells furnish an abun- 
dance of good water from the sand and gravel layers of the 
alluvium. 

Missouri river, on the western border of Iowa, lies within the 
area of Kansan drift, and meanders through a postglacial valley 
partly filled with yellow loess. Its broad flood plain, constantly 
shifting channel, muddy waters, and ever present snags, are 
among its most striking characteristics. 


ILLINOIAN DRIFT. 


In the southeast corner of the state a small area of younger 
drift overlies the Kansan, extending along Mississippi river 
from Princeton to Fort Madison in an irregular belt five to 
twenty miles in width. The depositing ice sheet came from the 
northeast and the drift is known as the Illinoian. The surface ~ 
of the whole is thickly mantled with loess. 

Several important rivers, among which are the Cedar, Iowa 
and Skunk, have had a marked influence on the topography in 
the vicinity, excavating deep, wide valleys in the soft drift. 

The greater part of the area retains the characteristic fea- 
tures of a young drift plain. Few sloughs remain and the 
storm waters have washed out well-marked drainage channels, 
but broad tabular areas of the original plain still persist, form- 
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ing large, level, floor like divides. The Mississippi here occupies 
a narrow channel whose youth is indicated by rock-cut portions 
at Le Claire, Davenport and Keokuk. 


At its western margin the Illinoian. drift sheet thickens 
into a low morainal ridge, beyond which a broad flat channel, 
roughly paralleling the Mississippi from Bellevue to Fort Madi- 
son, marks the temporary channel occupied by that river while di- 
verted by the Ilinoian ice. In ‘‘The Forks’’ between Cedar and 
lowa rivers in Louisa and Muscatine counties lies a level sandy 
plain, the bed of an extinct glacial lake, whose waters were held 
between bluffs bordering Iowa river on the west and the ice 
front on the east. The diverted Mississippi, flowing down from 
the northeast, was here blocked and ponded until it rose suffi- 
ciently to flow away southward over the bluffs through the chan- 
nel mentioned above. 


The loess cover of the Ulinoian drift readily absorbs water 
and the general ground-water level stands high except in the 
broken areas near the larger rivers and at the margins of the 
drift. In such places the conditions resemble those in the Kan- 
san area. 


IOWAN DRIFT. 


Over the greater part of the northeast quarter of the state 
hes the drift left by the Iowan ice sheet. Its borders on the 
south and east are remarkably sinuous owing to the projec- 
tion of many long, narrow tongues. It is overlain on the west 
by the younger Wisconsin drift, the margin of which lies near 
Clear Lake and Eldora. Its southern margin passes near Grin- 
nell, Belle Plaine and Iowa City. On the east it is separated 
from the driftless area by a narrow belt of Kansan drift. 


The topography of the region is characteristic of a youthful 
drift plain. The irregularities left in the drift by the depart- 
ing ice sheet still remain. The loess, which so fully mantles the 
older drift sheets in the southern part of the state, is conspicu- 
ous by its absence, being found only in irregular patches near 
the margin. The surface is gently undulatmg. Low 
flat swells alternate with swales, on whose broad floors 
‘‘sloughs,’? marshy remnants of glacial lakes, give rise to 
small ereeks which follow a sluggish, winding course toward tne 


TOPOGRAPHY BT 


master streams. In the northeast portion bowlders strew the 
surface, especially in sags and swales. Near the southern mar- 
gin of the Iowan area the even surface rises into low hills with 
parallel axes, apparently drumloid in character, but capped 
with loess. To these hills the name paha has been given. Along 
the southwestern margin in Tama and Benton counties they be- 
come more knobby and much resemble a terminal moraine. 

The river valleys are not well developed, as in the area of 
the Kansan drift, but flow in narrow channels between: steep 
banks of drift and alluvium except where they have found pre- 
glacial channels held open during ice invasion. 


Natural drainage is not complete in the Iowan drift area, but 
the process is being rapidly hastened by artificial means. In 
no other part of the state can man so easily aid nature in this 
respect. The young stream courses are well marked and, when 
once the sod in their bottoms has been broken by the plow, they 
deepen rapidly and form the outlets for extensive systems of 
tile drainage. The excess of water which would otherwise form 
ponds and sloughs in the low flat areas is thus readily drained 
off, yet so slightly is the ground-water level lowered beneath the 
surface that the normal moisture is retained during dry seasons, 
a most favorable condition for agriculture. 

Thruoghout the Iowan area the ground-water level stands 
high. The lack of the porous loess cover probably tends to in- 
crease evaporation and run-off, but owing to the flatness of the 
surface the run-off is slow. Most wells find water within a few 
feet of the surface, but owing to the imperviousness of the drift 
many fail to obtain a large supply until they penetrate the bed- 


rock. 
WISCONSIN DRIFT. 


The youngest of all the drift sheets in Iowa, that deposited 
during the Wisconsin ice invasion, lies in a broad lobe extending 
from the north boundary of the state to the city of Des Moines. 
The western margin lies near Sibley, Storm Lake and Panora, 
and the eastern margin near Clear Lake, Iowa Falls and State 
Center. 

The area presents all the characteristics of early youth. It 
is a level, undissected drift plain in which the drainage remains 


58 UNDERGROUND WATER RESOURCES OF IOWA 


strikingly incomplete, the topography being practically as the 
ice sheet left it. Low rounded swells separate shallow basins, 
‘in which lie numerous sloughs, lakes, ponds and peat bogs. The 
smaller streams wander in narrow, crooked valleys and in many 
places end in undrained basins. The rivers are simple conse- 
quent streams; some occupy shallow channels on the surface 
of the plain and others have cut deep trenches in the drift, but 
all lack well-developed systems of tributaries. 

A feature of this drift area is the accumulation of well-marked 
terminal moraines on the eastern and western margins, together 
with several recessional moraines within the area. On the east- 
ern margin a distinct belt of knobs 50 to 100 feet in height enters 
the state along the north boundary of Winnebago county and 
passes southward through Hancock, Cerro Gordo, Franklin and 
Hardin counties, dying out in the western part of Marshall 
county. On the west side another belt, partly terminal and 
partly recessional, enters Dickinson county and curves south- 
ward through Clay, Palo Alto, Buena Vista, Sac, Carroll and 
Greene counties and dies out in the northeast corner of Guthrie 
county. Well-marked recessional moraines are found in north- 
ern Boone and adjacent counties and in Webster county. , 

The Wisconsin drift area is the lake region of Iowa. A few 
ponds and sloughs occur in the Iowan drift area, and lagoons, 
cut-offs, and bayous are found on the flood plains of all the 
larger rivers of the driftless area and of the Kansan drift area, 
but the only lakes of importance in the state are found in the 
Wisconsin area and are of glacial origin. They lie chiefly within 
the heavy morainal belt already described and occupy irregular 
depressions between the kames. Chief among them are Spirit, 
Hast and West Okoboji, Storm, Wall and Clear lakes. The last 
named furnishes the water supply for the town of Clear Lake, 
and several are valuable sources of ice. 

The problem of adequate drainage is more difficult in the 
Wisconsin area than anywhere else in Iowa. The lakes, ponds 
and sloughs all indicate a high ground-water level. The absence 
of the loess leaves the drift without a porous cover and the 
tenacious quality of the bowlder clay prevents the entrance of 
much water into the ground. Wells in swales therefore find 
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abundant water, but on the higher portions they must be driven 
deep, frequently into rock, to get a plentiful supply. The sur- 
face waters are so abundant, however, that fewer stock wells are 
necessary than in other areas. 


SUMMARY. 


The level character of the prairie plain is such as to favor the 
ready absorption of rainfall by the soils and to cause the ground 
water to stand near enough to the surface of the drift or the 
country rock to be within easy reach of comparatively shallow 
wells. The gently rolling character of the topography insures 
good drainage, thus preventing stagnation of water on the sur- 
face, and lowers the ground-water level far enough to permit 
purification of the downward percolating waters by filtration 
before they join the great underground system. The topo- 
graphic conditions, in connection with drift soils such as are 
found throughout nearly all of the state of Iowa, insure an 
abundant and wholesome supply of underground waters at 
depths which permit most of the inhabitants outside of the large 
cities to be supplied at very slight cost. 


CLIMATE 
GENERAL CONDITIONS.’ 


The climatic conditions of the state of Iowa are, on the 
whole, favorable to a good and constant supply of underground 
water. Most important of these conditions are precipitation and 
temperature, both of which, though liable to marked variations 
from the normal, are shown, by the abundant annual rewards 
of agriculture, to be favorable to the storage and conservation 
of the moisture in the soils and country rock. Nothing approach- 
ing a failure of crops either by drowning or drought has been 
experienced in the history of Iowa—a history which now spans 
more than three-quarters of a century. 


Climatic observations within the present boundaries of Iowa 
were officially taken by the medical officers of the United States 


1Detailed information regarding climatological conditions in Iowa may be found 
in the following reports: Sage, J. R., Climate and Crops of Iowa: Ann. Rept. 
Iowa Weather and Crop Service for 1902, appendix. Henry, A. J., Climatology of 
the United States, U. S. Weather Bureau, Bull. No. Q, 1906, pp. 626-658. 
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military posts as early as 1820, and widely seattered, though 
systematic, records were kept with standard instruments under 
the direction of the War Department and the Smithsonian Insti- 
tution until 1870, when the Weather Bureau was established. 
Since 1890 the state government has cooperated with the Weather 
Bureau through the lowa Weather and Crop Service. . 

There exists, therefore, a series of records covering a period 
of nearly ninety years, during all of which time much attention 
has been given to both temperature and rainfall. Though the 
early records are few and incomplete they are of value in in- 
dicating the constancy of the Iowa climate and the error of many 
who have not carefully studied the conditions in believing that 
marked changes have taken place. The observed facts make it 
highly improbable that any important change in the average 
precipitation of either rain or snow has taken place since the set- 
tlement of the region by civilized people. 


TEMPERATURE. 


The mean annual temperature is 47.5° F. The variation from 
this figure scarcely ever exceeds 2°; but owing to the location of 
the state in the interior of the continent, exposed alike to cold 
waves from the northwest and warm waves from the south, the 
average annual range of temperature amounts to 136°. The 
highest temperature recorded is 113° and the lowest is —43°, 
giving the remarkable range of 156° between the highest and 
lowest observed temperatures. The mean annual temperature 
decreases gradually and uniformly from Keokuk, the lowest and 
most southerly point in the state, to the higher parts of the north- 
central region. 

The table below gives the monthly, seasonal, and annual mean 
temperatures as recorded at six climatologic stations of the 
United States Weather Bureau in Iowa and one at Omaha, Ne- 
braska. The distribution of these seven stations is such as to 
represent fairly well all portions of the state. To these are 
added for comparison the Oe eC n lg mean temperature for 
the state as a whole. 
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Monthly, seasonal, and annual mean temperatures (°F .) in Iowa and at 
Omaha, Nebraska. 
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The first killing frosts of autumn occur about October 5 and 
the last of spring about April 25, the time varying about two 
weeks between the northern and southern portions. This gives 
a period of about six months during which frost is liable to oecur. 
The streams are closed by ice for approximately three months 
and the surface of the ground is sufficiently frozen to prevent 
ready absorption of rainfall for about four and one-half months. 


The relations of temperature to ground water are very com- 
plex. They include (1) the immediate and direct relations that 
govern the amount, rate, and form of the precipitation; (2) 
those that determine the proportionate parts of the rainfall that 
evaporate, run off, or are absorbed, as affected by the character 
of the surface and by its freezing, baking, etc.; and (3) those 
that govern the direct movements of ground water. The last 
item is often overlooked, but its importance may be suggested 
by the fact, determined by experiment, that water at 100° F. 
pereolates twice as rapidly through sand as it does at 50°; both 
absorption and flow, therefore, vary greatly with the tempera- 
ture. 

PRECIPITATION, 


CONTROLLING CONDITIONS. 


The moisture which falls in the form of rain or snow over 
Iowa comes chiefly from the Gulf of Mexico, being drawn in 
with the southerly winds toward the rotating areas of low pres- 
sure (or cyclones, as they are technically called), which move 
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eastward across the continent with the prevailing westerly winds. 
These cyclonic storms are great in area, moderate in force, and 
beneficial in effect. They should not be confused with the violent 
rotating storms properly called tornadoes, which occasionally 
occur in the middle and eastern parts of the United States, mak- 
ing a very narrow track and extending over a small area. The 
rainfall is directly cyclonic in winter and indirectly cyclonic in 
summer, coming chiefly from thunder storms in the southeastern 
quadrant of the low-pressure areas. Many of the thunder storms, 
which average about 37 annually for each station in the state, 
are, however, of the conventional type and are therefore local. 


GEOGRAPHIC DISTRIBUTION. 


The Idwa Weather and Crop Service has divided the state into 
three sections, northern, central, and southern, each consisting 
of three tiers of counties, extending across the state from east 
to west. The average annual precipitation of the northern sec- 
tion is 29.9 inches, of the central section 31.5 inches, and of the 
southern section 33.6 inches. Each section has been subdivided 
into three districts more or less closely approximating rect- 
angles and containing from 7 to 15 counties each. The names of 
these districts together with their average annual precipitation 
are: northeast, 32.25 inches; north-central, 29.40 inches; north- 
west, 28.16 inches; east-central, 32.61 inches; central, 31.66 
inches; west-central, 29.86 inches; southeast, 33.65 inches; 
south-central, 32.53 inches; southwest, 32.60 inches. 


The highest average precipitation ig found in the southeast 
district and the lowest in the northwest. The southeast district 
has an annual average of 5.49 inches more than the northwest 
district, 1.40 inches more than the northeast district, and 1.05 
inches more than the southwest district. From these figures 
it is readily seen that there is a regularly decreasing gradient 
from east to west and a slightly steeper one from south to north, 
the steepest gradient being from southeast to northwest. 
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The highest annual average at any of the United States 
Weather Bureau stations is 35.2 at Keokuk in the extreme south- 
east corner of the state, and the lowest average is 25.8 at Sioux 
City, near the northwest corner; this confirms the relations 
above stated and gives a range of 9.5 inches in the mean annual 
precipitation as recorded at the different Weather Bureau sta- 
tions within the state. 

Grouped in north-south belts, the eastern or Mississippi river 
belt has an average annual precipitation of 32.50 inches; the 
middle belt of 31.51 inches; and the western or Missouri river 
belt of 30.04 inches. 

Thus, the variations in the geographic distribution of the pre- 
cipitation of Iowa are slight, consisting chiefly of a normal de- 
erease northward and a decrease northward and westward with 
increase in distance from and elevation above the chief source 
of the moisture, the Gulf of Mexico, and with increase in dis- 
tance from the usual paths of the cyclones. 


SEASONAL DISTRIBUTION. 


To give a perfect idea of the relation of rainfall to under- 
ground waters the records should show not only the amount, but 
the rate of the fall, the cloudiness, the direction and velocity of 
the wind, and the condition of the ground surface at the time. 
Precipitation falling on a moderately dry surface is absiorbed 
more rapidly than that falling on hard-baked ground, and still 
more rapidly than that falling on a frozen surface, which is 
scarcely absorbed at all unless it falls as snow. Winter pre- 
cipitation is therefore of little value as compared with summer 
precipitation. 

In spite of the location in the interior and of the great distance 
from the source of supply the constancy of the prevailing west- 
erly winds and the frequent recurrence of the cyclones produces 
a seasonal constant of rainfall which, coupled with the peculiar 
character of the glacial soil, makes the upper Mississippi valley 
a well-watered region. As the supply of ground water, especially 
that near the surface, depends on the rainfall, the amount of pre- 
cipitation and its geographic and seasonal distribution is impor- 
tant. The average annual precipitation as shown by official 


a 
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record is about 31.5 inches. Its seasonal distribution is fairly 
well shown in the table below, which gives the mean monthly, 
seasonal and annual precipitation for the several Weather Bu- 
reau stations and for lowa as a whole. : 


Monthly, seasonal, and annual mean precipitation (inches) in Iowa and at 
Omaha, Nebraska. 
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lowa has fairly well-defined wet and dry seasons, due to the 
migration of the wind system with the sun. The bulk of the 
rainfall oceurs during the spring and summer months and 
little of it during the winter months, the approximate per- 
centages being, winter 10 per cent, spring 28 per cent, 
summer 39 per cent, and autumn 23 per cent. Only a 
small proportion falls during the period in which the ground is 


irk 
frozen and absorption prevented, and a very large proportion, 


probably 80 per cent, falls in late spring and summer when ab- 
sorption is greatest. This natural advantage is greatly in- 
creased by the fact that the heaviest rainfall occurs during the 
seasons for the preparation and the cultivation of the soil, thus 
very greatly increasing the absorption. This relative inerease 
of precipitation of spring and summer over that of winter be- 
comes more marked as the total rainfall decreases from the Mis- 
sissippi westward. The summer precipitation at Keokuk is 11.6 
inches and that at Sioux City is 10.6, a difference of but 1 inch; 
whereas the winter precipitation at Keokuk is 5.4 inches and that 
at Sioux City is 1.9 inches, a difference of 3.5 inches, thus com- 
pensating to a large degree for the differences in total rainfall. 


- 
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A marked effect of the diminution of precipitation during the 
winter months is noted in. the slightness of the snowfall com- 


pared with that of the more eastern states. 


Though snow falls 


in all parts of the state, the annual average fall for 29 years is 
but 29.2 inches, less than one-tenth of the precipitation. 
effect of geographic differences in precipitation on the under- 
ground-water supply is thus very slight. 


VARIATIONS. 


state is subject to marked variations from year to year. 
1890 the lowest average for the whole state for a single year was 
21.9 inches in 1894 and the highest 43.8 inches in 1902. Between 
these extremes there has been marked variability, but the ten- 
dency to-one extreme is frequently followed by a tendency to the 
other, as illustrated in the dry year of 1901 and the wet year of 
1902. The general average has been steadily maintained through 
all the long period covered by records. 


Yearly Variations of Rainfall in Iowa. 


The 


The table below shows that the precipitation for the entire 
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Deficiency of summer rainfall sometimes produces droughts, 
the effect of which is marked on the streams, springs, and shal- 
low drift wells, producing scarcity of water for stock and for 
domestic purposes. Heavy drains are made for stock on the 
deeper rock wells when streams are low, and as these rock wells 
are of small bore they are sometimes temporarily exhausted. 
The texture of the soil and other physical conditions, such as 


5 


66 UNDERGROUND WATER RESOURCES OF IOWA 


its condition at the beginning of the dry period, determine its 
ability to store water under the least loss by evaporation. 
Rather severe general midsummer droughts occur at irregular 
intervals once or twice in a decade. During all such droughts, 
however, many small areas have had practically normal precipi- 
tation, and the amount has generally been ample in most parts 
of the state. 

The most severe drought on record is that of 1894-95, which 
may be ascribed to slight precipitation and high temperatures for 
two successive seasons. The precipitation for July, 1894, was ° 
only 0.63 inch, about 15 per cent of normal, and for August was 
1.58, about 44 per cent of normal. The departure from the an- 
nual precipitation during the year was—9.5 inches. The ex- 
treme in the other direction in recent years occurred in 1902, 
when the precipitation reached 43.82 inches for the year, 12.30 
inches above the normal. 


SUMMARY. 


The information for a satisfactory discussion of evaporation, 
humidity, wind velocity, and other minor factors in the meteor- 
ologic control of ground-water supply is insufficient, but enough 
data are available in regard to the two chief controlling factors, 
temperature and rainfall, to show that Iowa, though possessing 
the variable characteristics of a continental climate, also pos- 
sesses the requisite meteorologic conditions for a moderately 
abundant supply of underground water. 
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CHAPTER IT. 


GHOLOGY. 


BY W. H. NORTON AND HOWARD E. SIMPSON. 





GENERAL CONDITIONS 


The rocks exposed in [owa belong to four great divisions sep- 
arated from each other by pronounced unconformities. (See 
Pl. I, in pocket.) 

The oldest division belongs to the Algonkian system and is 
represented by the Sioux quartzite. This quartzite outcrops 
over only a small area in the northwest corner of the state but 
occurs more widely below other formations, and is also found 
at the surface over considerable areas in Minnesota and South 
Dakota. 

The second division is represented by rocks of the Cambrian, 
Ordovician, Silurian, Devonian, Carboniferous and Permian gys- 
tems, and includes a basal series of clastic beds that may be of 
Algonkian age. This great assemblage of sediments rests on an 
uneven floor composed of Sioux quartzite and older crystalline 
rocks. It consists of beds of sandstone, shale, and limestone, many 
times repeated in varying order. Where these beds come to tne 
surface they have been carefully studied, and the order of their 
succession has been determined. (See Pl. II.) They are for 
the most part apparently conformable with one another, but im- 
portant erosional unconformities occur at the base of the Devo- 
nian system and between the Mississippian, the Pennsylvanian, 
and the Permian. The oldest exposed rocks of this division are 
of Cambrian age and outcrop in the northeastern part of the 
state. The strata dip in general toward the southwest, and in 
this direction the younger formations become successively the 
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surface rocks. The boundary lines between the formations, at 
the surface or immediately below the drift, follow in general the 
strike of the rocks, and, hence, are approximately parallel and 
eross the state with a northwest-southeast trend. (See Pl. I.) 
Where the principal unconformities occur, however, the boun- 
daries depart from this parallel arrangement. 

The third great rock division of Iowa is represented by Upper 
Cretaceous sandstones, shales, and limestones, which lap over 
the older formations, and cover much of the northwest and west- 
central parts of the state. 

The fourth great division includes the drift sheets and asso- 
ciated subaerial, interglacial, and postglacial deposits of the 
Pleistocene series. These deposits were spread over nearly 
all of the state except the northeast corner, and in most localities 
they still cover the older rocks. The distribution of the differ- 
ent Pleistocene formations is shown in Plate III, in pocket. 

The rock structure is shown in detail in the geologic sections, 
Plates V to XVIII, inclusive. The location of these sections is 
indicated in figure 1. 


PRECAMBRIAN ROCKS 
ARCHEAN SYSTEM. 


Foliated rocks—schists and possibly gneisses—have been 
found in several deep wells in the northwestern part of Iowa. 
At Sioux City they were reached at a depth of 1,260 feet (135 
feet below sea level), and continued to the bottom of the drill 
hole, which is 2,000 fegt in depth. At Le Mars a rock called by 
Todd ‘‘a gneiss (?),’’ consisting of orthoclase, quartz, and mus- 
covite, occurs at 215 feet above sea level, and crystalline foli- 
ated rocks, either gneisses or schists, continued for 500 feet to 
the bottom of the boring. 


ALGONKIAN SYSTEM. 


SIOUX QUARTZITE. 


The Sioux quartzite (popularly but erroneously called ‘Sioux 
Falls granite’’) outcrops over a very small area in the north- 
west corner of the state. This familiar building stone of our 
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Figure 1.—Index map showing the location of geologic sections shown in 


Plates V-XVIII, inclusive. 
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large cities is an intensely hard, pink, vitreous rock, consisting 
of rolled sandstone grains cemented mainly with secondary in- 
terstitial quartz. Quartzite, presumably of the same age, occurs 
in the Baraboo region of southwestern Wisconsin. At Lansing, . 
lowa, the ‘‘granite’’ noted in a driller’s log at 71 feet above sea 
level may well be quartzite, here sunk nearly 1,500 feet below 
its elevation at Baraboo, 75 miles east. ‘‘Granite’’ reported at 
Mason City and Emmetsburg is not confirmed by drillings of 
any crystalline rock in the sample preserved. At Cedar Rapids 
an intensely hard, siliceous rock of reddish color was struck 
at 1,417 feet below sea level and penetrated for a distance of 75 
feet; but at Tipton, in an adjacent county, a well drilled to 1,886 
feet below sea level failed to discover quartzite or any other 
crystalline rock. At Burlington the reported occurrence of 
‘‘quartzite (?) and slate’’ at the bottom of the Crapo Park well, 
2,430 feet deep (1,745 feet below sea level), is not fully confirmed 
by the drillings, since the reddish siliceous chips show no signs 
of fracture across grain and cement, and the ‘‘slate,’’? though 
an indurated shale, is accompanied with chips of sandstone of 
Cambrian type. In the not far distant deep well at Aledo, [hi- 
nois, no erystalline rock was found, although a depth of 3,000 
feet was attained. 


ALGONKIAN (?) SYSTEM. 


RED CLASTIC SERIES. 


Certain deep wells of Iowa reach red sandstone beneath Cam- 
brian terranes. Like the red sandstones of the deep wells of 
Minnesota, these red sandstones of Iowa seem to be dry, and 
they may be of Algonkian age. At Tipton the drill reached these 
red rocks at 1,435 feet below sea level, or about the level at which 
quartzite occurs at Cedar Rapids, and penetrated them for 431 
feet to the bottom of the drill hole. . 


SANDSTONES WITH INTRUSIVE SHEETS. 


The deep well at Hull, ‘in northwestern Iowa, encountered, at 
755 feet from the surface (678 feet above sea level), the first of 
six beds of quartz porphyry intercalated between saccharoidal 
sandstones, the entire series reaching to a depth of 1,228 feet 
from the surface (205 feet above sea level). 
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In the absence of any physical or lithologic characteristics de- 
termining the age of the sandstones, they have been regarded 
as probably of Algonkian age, on account of the known igneous 
intrusions of the same nature in the Keweenawan, the dikes of 
ancient lava in the Sioux quartzite, and the absence of volcanism 
in Paleozoic strata of the upper Mississippi valley.’ 


CAMBRIAN SYSTEM 
OCCURRENCE AND SUBDIVISIONS. 


The Cambrian rocks of Iowa were laid down upon an old sea 
floor which is now exposed far to the north in Minnesota and 
Wisconsin. They probably underlie the entire state, but rise 
to the surface only in the deep valleys of the extreme northeast 
corner. The younger formations overlie the older in the order 
of their deposition and become the country rock to the south 
and west in successive roughly parallel bands, each in turn dip- 
ping gradually to the southwest and passing underneath the 
next younger. The strata of the two oldest sedimentary systems 
represented, the Cambrian and Ordovician, ‘follow one another 
in rapid succession and the narrow bands of their outcrop rough- 
ly parallel one another in intricate patterns. 

The Cambrian, a system of massive sandstone formations sev- 
eral hundred feet thick, is an excellent water carrier. At Lan- 
sing it was found to have a thickness of 1,000 feet. The Cam- 
brian outcrops or lies immediately below the drift only in the 
valleys of Mississippi river and its immediate tributaries from 
the northern boundary of the state to McGregor in Clayton 
county, in the valley of the Oneota and its immediate tributaries 
in Allamakee county, and over an area of less than a square 
mile in Winneshiek county. It outcrops in all of these valleys 
only along the base of the high bluffs, where it has been exposed 
by the deep carving of ancient streams. 

The Cambrian rocks of Iowa consist of certain undifferen- 
tiated sandstones, marls, and shales, at the base, above which 
lie the formations known, from the bottom up, as the ‘Dresbach 
sandstone, the Saint Lawrence formation, and the Jordan sand- 
stone. 


1Rept. Iowa Geol. Survey, vol. 1, 1893, pp. 165-169; vol. 6, 1896, pp. 112, 180, 199. 
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DRESBACH SANDSTONE AND UNDERLYING CAMBRIAN STRATA. 
DEFINITION. 


In the senior writer’s early investigations of Iowa deep wells 
the term ‘‘ Basal sandstone’’ was used tentatively to include all 
Cambrian deposits below the base of the Saint Lawrence forma- 
tion, sinee no term used by either the Minnesota or the Wisconsin 
surveys seemed sufficiently inclusive, the term Dresbach being 
employed by the Minnesota geologists to designate only the up- 
per formation of the series of strata in question. Since that 
time the term Dresbach has been used loosely by some writers 
to include all the underlying Cambrian strata, but it is used in 
this report in the restricted sense, that is, for the sandstone ex- 
posed at Dresbach, that being the definition adopted by the 
United States Geological Survey. The Dresbach sandstone, 
which in the type region is a white, incoherent, fine-grained sand- 
stone, is of Upper Cambrian age, whereas the underlying shales 
and sandstones are believed by geologists of the United States 
Geological Survey: to belong to the Middle Cambrian. 


DISTRIBUTION. 


Sandstones referred by Calvin to the Dresbach outerop in Iowa 
along the base of the Mississippi bluffs in Allamakee county 
from Lansing north to the state line. 


It is quite possible, however, that these strata belong to the 
Saint Lawrence formation, and if this is true the Dresbach sand- 
stone nowhere comes to the surface within the limits of the 
state. 


At Dubuque (Pl. VI) the Dresbach and underlying Cambrian 
strata were sounded by the drill to a depth of 1,100 feet, the base 
of the Cambrian not being reached. Toward the west these 
strata seem to thin. In east-central Iowa their total thickness 
is 360 feet at Cedar Rapids (Pl. XI), and 463 feet at Tipton 
(Pl. X), not including the red clastic series (Algonkian?) al- 
ready mentioned. In northwestern Iowa the Dresbach and 
underlying Cambrian strata probably thin rapidly as they rise 
on the western side of the median trough that traverses the state. 
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In central Iowa, at Des Moines and Boone (Pl. XVI), it is diffi- 
cult to draw the line separating the Dresbach sandstone from 
the overlying Saint Lawrence formation. 


LITHOLOGIC CHARACTER, 


The Dresbach and the subjacent Cambrian strata include thick 
beds of sandstone of rolled grains of moderate coarseness, rang- 
ing in color from white to yellow and buff. These saccharoidal 
sandstones are pervious, especially in northeastern Iowa. Close- 
textured beds also occur whose pore spaces have been filled with 
limy cements. Sandstones are found whose angular grains of 
quartz are so minute and so closely packed that the rock must 
be well-nigh impermeable, and with these may be ranged marls, 
whose fine siliceous grains were mingled with mud and lime as 
they were laid on the sea floor. These marls and impure sand- 
stones contain many dark green, round, subtranslucent grains 
of glauconite. Limestones are unknown. No order of succes- 
sion has been made out for the beds. In several wells, as those 
at Dubuque, Manchester, Anamosa, and Tipton (Pls. VI, IX, X), 
the upper sandstone (Dresbach sandstone) rests on marls or 
arenaceous limy shales, which are in turn succeeded by heavy 
basal sandstones. 


SAINT LAWRENCE FORMATION. 
DISTRIBUTION. 


On the Dresbach sandstone rests a heavy body of dolomite 
and shale, known as the Saint Lawrence formation, which out- 
crops as calcareous and sandy shales in the bluffs of the Missis- 
sippi in the northeastern county of the state. In eastern and 
north-central Iowa the limits of the formation are usually well 
drawn in deep-well sections, and its dual nature, dolomitic above 
and argillaceous below, is clearly seen. Southwestward the 
limits of the formation become difficult to trace, as the sand- 
stones, both above and below, become more dolomitic or more 
clayey. At McGregor (Pl. V) the formation is represented by 
a few feet of arenaceous dolomite, left uneroded in the bottom 
of the preglacial channel of the Mississippi, and by 113 feet of 
green shale immediately subjacent. At Waverly (Pl. VII) and 
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Sumner the upper dolomitiec beds are respectively 150 and 170 
feet thick and the shales and marls beneath reach the surprising 
thickness of more than 300 feet. In each of these places sandy 
beds occur near the middle of the shales, and if the upper limit 
of the Dresbach were drawn at the summit of these sands the 
thickness of the shales left to the Saint Lawrence would accord 
with the thickness reported in other deep-well sections. At 
Charles City the formation was penetrated for probably 330 
feet. (See Pl. V.) Owing to a gap in the record, the upper 
limit is not certainly known. 

At Dubuque an imperfect record allows less than 200: feet for 
this formation. At Manchester it reaches a total of 242 feet. 
(See Pl. VI.) ‘Southwest of Dubuque the massive basal shales 


and arenaceous marls fail to maintain themselves. At Anamosa. 


(Pl. [X) the formation consists (from above down) of 145 feet 
of dolomite, 55 feet of shale, and 40 feet of dolomite. At Tipton 
(Pl. X) the Saint Lawrence embraces 120 feet of dolomite rest- 
ing on 100 feet of marls. At Boone (Pl. XI) the discrimination 
of the Saint Lawrence is made, with much uncertainty, to in- 
clude 285 feet of glauconiferous shales and marls and close- 
grained sandstones reaching nearly to the bottom of the well. 
At Des Moines (PI. XIII) about 300 feet of similar strata, lying 
immediately below the Prairie du Chien, may be assigned to 
the Saint Lawrence with much hesitation. 


LITHOLOGIC CHARACTER, 


The upper dolomitic member of the Saint Lawrence is in places 
more or less arenaceous and commonly contains a good deal of 
finely divided angular quartzose material. Glauconite is present 
in many localities. The shales of the lower member are com- 
monly somewhat calcareous and siliceous. The rocks, designated 
‘‘marls,’’ for want of a better term, consist of lime, silica, and 
clay and give rise to drillings of conereted gray, greenish, bluish, 
brown, or pink powder. The friability of the concreted mass 
indicates roughly the relative proportions of clay and sand, and 
the reaction with hydrochloric acid shows a large amount of 
lime and magnesian carbonates to be present in many places. 
The quartzose constituent is in the form of fine rounded grains 
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and still more commonly of impalpably angular particles of 
erystalline quartz. Noncaleareous, plastic, pink, red, or green 
shales also occur, and in some places these are hard and fissile. 

For these marls the characterization of Winchell of outcrops 
in Minnesota would seem applicable: ‘‘Greenish and shaly and 
yet not a shale; caleareous and not a limestone; magnesian but 
not a dolomite; finely siliceous but not a sandstone.’” 


JORDAN SANDSTONE. 


DISTRIBUTION, 


The Saint Lawrence formation is overlain by a sandstone 
ealled the Jordan, from the name of a town in Minnesota at 
which it outerops. In Iowa it comes to the surface only in Alla- 
makee, Winneshiek, and Clayton counties in the valleys of the 
Mississippi and its tributaries. In these outcrops it has two 
phases—a hard sandstone, whose grains are embedded in a dolo- 
mitic matrix, as at Lansing, and a soft stone, so destitute of limy 
cement that it can be readily excavated with pick and shovel, as 
at McGregor. 

West of McGregor, as far at least as Charles City (PI. V), it 
forms a well-defined bed about 75 feet thick, and to the south- 
west, at Waverly (Pl. VII) and Sumner, it is still thicker, reach- 
ing 110 feet or more. At Manchester (Pl. VI) it occurs as 86 
feet of clean quartz sand, including four feet of highly arena- 
ceous and ealcareous shale. At Waterloo (Pl. VI) it attains a 
thickness of nearly 50 feet. At Anamosa (PI. IX) it reaches 
nearly 100 feet, including ecalciferous sandstones, both above 
and below the main body of pure quartzose sandstone. At Monti- 
cello the drill penetrated it for 59 feet. At Cedar Rapids (PI. 
XI) the data are very meager; but a distinct water-bearing sand- 
stone, nearly 50 feet thick, is indicated at this horizon, with 
closer-textured sandstones in juxtaposition both above and be- 
low. At Ackley (Pl. VI) it is represented by calciferous sand- 
stones. A gap occurs here of 100 feet, from which no drillings 
were saved. 

In central Iowa either the limestones intervening between the 
Saint Peter and the Jordan greatly increase in thickness, or the 


tWinchell, N. H., Geol. and Nat. Hist. Survey Minnesota, vol. 1, 1884, p. 255. 
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Jordan becomes indistinguishable in the rapidly changing as- 
semblages of sandstones, dolomites, and shales which in this area 
pass downward from the Shakopee dolomite. If the former be 
true the Jordan is encountered at Ames (Pl. XI) 600 feet below 
the Saint Peter on a well-marked sandstone, 100 feet thick, com- 
posed of clean quartz in well-rolled grains. At Boone (Pl. XI). 
however, this horizon is held by sandstones, close textured and 
for the most part calciferous. At Des Moines (PI. XTIT) no at- 
tempt has been made to divide the Cambrian into the formations 
seen farther east. In southeast Iowa few deep wells reach the 
Jordan. At Burlington (Pl. XIII) the Jordan, if it is present, 
lies within a space of 300 feet from which no drillings were ob- 
tained; above this space the strata are clearly Prairie du Chien, 
and below it they are different beds of the Saint Lawrence or 
Dresbach facies. At Centerville (Pl. X) the magnesian series 
extends downward from the Saint Peter for more than 700 feet, 
without reaching any heavy sandstone comparable to the Jordan ~ 
nor any glauconiferous shales or marls of the Saint Lawrence 
type. 
LITHOLOGIC CHARACTER. 


Typically the Jordan is a loose-textured sandstone consisting 
of rolled grains of clean quartz sand, white or light gray in 
color. In many places the grains are about as well sorted and 
as perfectly rounded and ground by abrasion as are the quartz 
spherules of the Saint Peter. In certain beds, however, dolo- 
mitic grains appear among the drillings, indicating either a cal- 
careous matrix or thin interbedded layers of dolomite. The 
driller recognizes the Jordan by these characteristics and by its 
place as the first heavy sandstone below the Saint Peter, from 
which it is separated by an interval of not less than 300 feet. 


ORDOVICIAN SYSTEM 
PRAIRIE DU CHIEN STAGE. 


Prairie du Chien stage is a term introduced into geologic liter- 
ature in 1906 to designate the strata formerly called ‘‘Lower 
Magnesian limestone.’’ This stage is divided, from the bottom 
up, into Oneota dolomite, New Richmond sandstone, and Shako- 
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pee dolomite. The New Richmond, however, is in many places 
ill defined or absent. 


DISTRIBUTION. 


The Prairie du Chien is a distinct cliff maker, and since it is 
both underlain and overlain by weak sandstones it rises in bold 
escarpments and ecastellated walls along Mississippi river and 
all of its tributaries from the northern boundary of the state 
nearly to Guttenberg. Owing also to its resistant quality it is 
distinctly an upland group of strata, and forms much of the 
country rock of Allamakee and northeastern Winneshiek coun- 
ties. In the bold cliffs in which the Prairie du Chien outcrops 
at Prairie du Chien, Wisconsin, opposite McGregor, and to the 
north along the Mississippi and its tributaries, it has nowhere 
been found to measure more than 250 feet. In well sections, 
however, it appears as not less than 300 feet in thickness. In 
northeastern Iowa, where the dolomites are well demarked by 
the Saint Peter and Jordan sandstones, the Prairie du Chien 
varies in thickness between 300 and 400 feet. To the west in 
northern Iowa it maintains a thickness of 300 feet at Mason City 
(Pl. V) and of 375 feet at Ackley (Pl. VI). At Fort Dodge (PI. 
VI) 300 feet may with certainty be assigned to this terrane. In 
central Iowa it seems to thicken and appears to reach 600 feet 
at Ames (Pl. XI) and nearly as much at Boone (PI. XI); at Des 

Moines (Pl. XIII) it is probably 400 feet thick, although its base 
there can not be accurately determined. In southeastern Iowa, 
at Burlington (Pl. XIII), it can hardly measure less than 500 
feet. At Centerville (Pl. X) more or less arenaceous dolomites 
of Prairie du Chien facies were still present when the drill had 
been driven 700 feet below the base of the Saint Peter, and 
neither clean sandstones nor glauconiferous shales were found 
to indicate that the Cambrian had been reached. South and west 
of Des Moines no wells have penetrated to this horizon. 


LITHOLOGIC CHARACTER. 


In all parts of Iowa, unless it be in the extreme northwest, 
wherever the drill has reached the horizon of the Prairie du 
Chien it has not failed to find it with the lithologic characteris- 
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ties of its outcrop quite unchanged. Everywhere it is completely 
and perfectly dolomitized. Drillings are mostly in the form of 
gray or light buff, sparkling dolomitic sand. So hard is the 
rock that chips of any size are rarely: preserved. When such 
are found they show a characteristic porous or vesicular tex- 
ture. Heavy beds of dolomite occur which are quite free of 
arenaceous material, but with them are always to be found sandy: 
dolomites and thin interbedded dolomites and sandstones. When 
a complete series of drillings is at hand the Prairie du Chien 
exhibits a rapid alternation of beds differing in their arenaceous 
content, and sections based on a few widely separated samples 
can not be reckoned reliable in detail. Quartz sand, native in 
part but no doubt also in part fallen from the Saint Peter; is so 
common in drillings from strata at this horizon that the rock is 
designated ‘‘sand and lime’’ in many drillers’ logs, Chert is 
another invariable constituent of the Prairie du Chien. Usually 
white in color, it is not accompanied by the bluish translucent 
chalcedony characteristic of the geode beds of the Mississippian. 
In places a siliceous oolite is found, both in outerops and in 
drillings; in the latter it is recognized by the white, round grains 
of chert broken from their matrix and showing concentric struc- 
ture on fractured surfaces. 


The sand grains of the Prairie du Chien are generally rounded, 
of clear quartz similar in facies to the Saint Peter and Jordan 
sandstones. The New Richmond sandstone, however, in many 
places displays, both in outcrops and in well drillings, grains 
which under the microscope show pyramidal secondary enlarge- 
ments of crystalline silica in optical continuity with the original 
grains. These crystal facets give a distinctive sparkle to the 
sand in mass. 

Along with these typical features of the Prairie du Chien are 
others that are local and exceptional. Such are marly beds, 
which yield drillings of whitish gray or pink powder that effer- 
vesces freely in strong hydrochloric acid, leaving a clayey and 
minutely quartzose residue. Thin beds of green or red shales 
occur in some places. Especially worthy of note is a sandy 
shale found in places as the upper part of the Shakopee dolo- 
mite immediately underlying the Saint Peter sandstone; at 
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Boone (PI. XI) this shale is 10 feet thick and at Anamosa 40 
feet (Pl. IX). The Shakopee is distinctly argillaceous at Belle 
Plaine. At Holstein a red caving shale occurs 20 feet below the 
bottom of the Saint Peter; and at Sanborn, according to the 


driller’s log, shale and sand extend for 200 feet below this level. 
(See Pl. XVII.) 


A wholly exceptional facies is that shown in a drill hole sunk 
for oil near Maquoketa (Pl. X), the driller’s log of which states 
that for 241 feet below the Saint Peter there extends a brick- 
red argillaceous sandstone, of fine, rounded grains, including 
seams of red shale. As only one sample was supplied for the 
entire 241 feet, it was the writer’s first impression that the 
drilling might have been colored by particles resulting from the 
continuous caving in of a comparatively thin bed of red shale 
situated near the top of the Shakopee. But the log was made 
out with unusual care by the foreman in charge of the work, 
and an inspection of the discharge from the sand pump, made 
after the work was nearly done, showed so large an amount of 
the red sandstone as to give much support to the statement of 
the log. If the unconformity believed by some geologists to exist 
between the Shakopee and the Saint Peter is found in eastern 
Iowa, the sandstone in question may be a continental deposit in 
a small trough or basin, covered on subsidence by the Saint Peter 
sandstone. So unlike is it to any other body of rock belonging 
to the Saint Peter or the Shakopee in Iowa that the writer has 
not classed it with either terrane. 


The presence of rocks of reddish color underneath the Saint 
Peter is reported in a number of wells in Minnesota and Illinois, 
though never to such a thickness as at Maquoketa. Thus in 
Minnesota the deep well at East Minneapolis shows 102 feet of 
red limestone at this horizon, and the well at the West Hotel’ a 
dolomitic limestone 82 feet thick, reddish in color at top. In 
Illinois a red mar] immediately subjacent to the Saint Peter is 
reported as 32 feet thick at Lake Bluff, 45 feet thick at Winnet- 
ka, and 40 feet thick at Joliet... At the paper mill at Moline 
‘‘red marl and limestone’’ 316 feet thick is reported at this 
- Hall, C. W., Bull. Minnesota Acad. Nat. Sci., vol. By De 189% . 


*Stone, Leander, Bull. Chicago Acad. Sci., vol. 1, p. 96, 1886. - 
‘Leverett, Frank, Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, p. 799. 
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horizon, and iat the Hast Moline well the Saint Peter is under- 
lain by 105 feet of limestone resting on 35 feet of red marl.* 

If the red argillaceous sandstone at Maquoketa be not a con- 
tinental deposit, it must be placed with the Shakopee. 


SAINT PETER SANDSTONE. 


DISTRIBUTION. 


The Saint Peter sandstone, which overlies the Prairie du Chien 
stage, is one of the most remarkable water-bearing formations 
of the state. Owing to its slight resistence to weathering and 
erosion it outcrops only in a narrow, sinuous belt about the 
outer margin of the Prairie du Chien. In the valley of Missis- 
sippi river it is seen in the sides of the bluffs as far south as 
Dubuque, and in the valley of Oneota river and its tributaries 
it extends a short distance into Winneshiek county. Its chief 
exposures are, however, in Allamakee county. It consists of a 
bed of sandstone, normally white but in many places stained 
with iron oxides, which reaches a thickness of 70 to 100 feet. 
The thickness of the formation, as disclosed by the deep wells 
of Iowa, differs widely, though not so widely as in Wisconsin, 
where, owing to the irregular surface of the Shakopee, on which 
the Saint Peter was laid, it ranges in thickness from 200 feet in 
troughs to an exceedingly thin layer on crests of the underlying 
dolomites. In the Iowa wells the maximum reported thickness 
is 110 feet at Emmetsburg (Pl. XVI) and the minimum 15 feet 
at Pella (Pl. XIV). 

The Saint Peter probably underlies the entire state, except 
the extreme northwestern part. In the southwestern part it 
has not yet been reached, but its recognition at Lincoln, Ne- 
braska,’ and at different places in Missouri makes its presence 
_there not improbable. | 

The Saint Peter reaches its highest elevation in Allamakee 
county, where it lies not far from 1,200 feet above sea level. It 
sinks continuously to the southwest, and at Des Moines, where 
last found in deep drilling (Pl. XVI), it lies at 1,114 feet below 
sea level, or more than 2,300 feet below its elevation in the north- 
errs Fe. Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, p. 848. 


2Sixth Bienn. "Rept. Nebraska Commissioners Public Lands and Buildings, 1888, 
pp. 59-84. 
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east corner of the state. In northern Iowa it dips both from the 
east and from the west toward the median line of the great syn- 
cline of the Paleozoic strata, and in southeastern Iowa it rises 
in the Ordovician dome, so that it stands higher at Burlington 
and Keokuk than at Davenport and Mount Pleasant. The forma- 
tion is so important, being the first of the great series of water- 
bearing beds which constitute the aquifers of the Iowa artesian 
system, and it is so easily recognized by the driller and the lay- 
man, that its elevation above sea level is presented on the map 
(Pl. I, in pocket). 


LITHOLOGIC CHARACTER. 


In its outcrops the Saint Peter is a massive homogeneous bed 
of sand, so loosely cemented that it is readily excavated with the 
spade. Hand specimens of any size are difficult to obtain. No 
traces of lamination or oblique stratification appear, and the 
few ill-defined bedding planes are 10 to 15 feet apart. 

The individual grains are exceptionally uniform in size. They 
are of clear quartz, worn no doubt from the crystalline grains 
of acidic igneous rocks and representing the survival of the 
hardest. In this respect they differ from the varicolored.grains 
of the Dakota sandstone and the sand beds of the drift. They. 
are also remarkable for the perfection of their rounding. The 
smoothness of these spherules and their ‘‘millet seed’’ appear- 
ance suggest that they suffered long attrition under the winds 
of ancient deserts before they were deposited in the sea. Their 
shape distinguishes them from the subangular sands of the Coal 
Measures and from the faceted grains of the New Richmond, as 
well as from those Cambrian sandstones that are composed of 
minute angular particles of quartz. 

The transition from the Saint Peter, either to the beds above 
it or to those below, is not everywhere abrupt. Arenaceous shales 
may intervene between it and the Shakopee dolomites, and still 
more commonly the Shakopee seems to include thin beds of sand- 
stone. These sandy beds were noted in the field by McGee, and 
led him to classify the Shakopee as a part of the Saint Peter.’ 
~ iMcGee, W J; Eleventh Ann. Rept. U. S. G. S., 1889-1890, pt. 1, p. 332. 
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To recognize such sand beds in the drillings of deep wells is far 
more difficult, but probably the considerable amount of quartz 
sand in many wells, mingled with dolomitie chips from the Sha- 
kopee, comes from intercalated sandstone beds rather than from 
above or from sand disseminated throughout the limestone. At 
Boone and Sabula the Saint Peter apparently includes inter- 
calated beds of sandy shale. The Saint Peter is also in places 
overlain by transitional sandy shales and limestones, the depo- 
sition of which in some areas inaugurated the Platteville epoch. 
At Des Moines a brown arenaceous dolomite, 30 feet thick, is 
parted from the Saint Peter by a hard green shale 10 feet thick. 
(See Pl. XIII.) At Washington (PI. X) the Saint Peter is over- 
lain by a thin bed of sandy shale. At Charles City (Pl. V) a 
stratum, 70 feet thick, of fine-grained argillaceous sandstone 
rests on Saint Peter of normal facies. At Mason City (Pl. V) 
a yellow, highly arenaceous dolomite 20 feet thick, and at Belle 
Plaine (Pl. VIII) a thin bed of arenaceous limestone oceupy this 
horizon. At Postville (Pl. V) the Saint Peter was apparently 
encountered at 755 feet above sea level; but, after passing 
through 14 feet of this sandstone, the drill entered limestone of 
Platteville facies, in which it continued to 689 feet above sea 
level, when it reached an arenaceous, nondolomitie limestone, 
‘which continued 13 feet to the bottom of the boring. If studied 
in the field, it is probable that some of these arenaceous transi- 
tion beds would be classed with the Saint Peter, but for the pur- 
poses of this investigation it has seemed better to place them 
with the superjacent or subjacent formations. 


ROCKS BETWEEN THE SAINT PETER SANDSTONE AND THE MAQUO- 
KETA SHALE. 


SUBDIVISIONS. 


Upon the Saint Peter sandstone rests a series of limestones, 
shales, and dolomites which extends upward to the base of the 
Maquoketa shale. The upper dolomitized beds of this series 
have long been known-as the Galena dolomite, while the lower 
limestone and shales have usually been termed the ‘‘Trenton.”’ 
In the report of the senior author of the artesian wells of Iowa’ 


Rept. Iowa Geol. Survey, vol. 6, 1896, pp. 145 ff. 
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the entire series was treated as a single formation, called the 
‘*Galena-Trenton,’’ whose strata were shown to be affected by 
dolomitization to varying depths at different places. Since the 
publication of this report an intermediate formation, the Decorah 
shale, has been discriminated. The calcareous beds which over- 
lie the Decorah shale are now known as the ‘‘Galena dolomite,”’ 
while the limestones and shales which intervene between the 
Decorah shale and the Saint Peter sandstone are termed the 
‘*Platteville limestone.’’ These formations rise to the surface 
in northeastern Iowa in a very broken and irregular area, which 
extends from the northwestern part of Winneshiek county as 
far south as Bellevue in Jackson county. 


PLATTEVILLE LIMESTONE AND DECORAH SHALE, 


In well sections the Platteville is singularly persistent. It 
embraces a shale bed immediately overlying the Saint Peter— 
the Glenwood shale of the Iowa State Survey—and an overlying 
body of limestone. Few well sections in Iowa reach the horizon 
of the Saint Peter without finding either this basal shale of the 
Platteville or the higher Decorah shale, although in many wells 
the three divisions can not be made out. 

The shales of the Platteville limestone and the Decorah shale 
are typically rather harder, darker, and a brighter green than 
the Maquoketa shale. Even where no record or sample of them 
is preserved characteristic chips, evidently fallen from above, 
are sometimes brought up from lower levels. At Manchester 
(Pl. VI) both the Decorah shale and the basal shale of the 
Platteville were found, the Decorah being five feet thick and 
earrying Orthis perveta Conrad, Strophomena trentonensis 
W. &S., and several Bryozoa. <A body of typical earthy blue- 
gray Platteville limestone, 72 feet thick, here intervenes between 
the two beds of shale, the lower one of which is only seven feet 
thick. In northern Iowa, at Hampton, the basal shale of the 
Platteville is 40 feet thick; at Charles City (Pl. V) 70 feet of 
arenaceous shales are overlain by 90 feet of more typical shale; 
at Waverly (Pl. VII), Sumner, Maquoketa (Pl. X) and Clinton 
(Pl. XI), the Platteville limestone and Decorah shale are well 
exhibited, their total thickness in the last two places measuring 
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about 100 feet, including the shale at the base of the Platteville. 
In northwestern Iowa the basal shale of the Platteville reaches 
50 feet at Sanborn (Pl. XVII), 95 feet at Emmetsburg (Pl. XVI), 
110 feet at Mallard (Pl. XVI), and somewhat less than 50 feet 
at Cherokee and Holstein (Pl. XVII). At Des Moines the basal 
shale member of the Platteville is also present, and the Platte- 
ville and Decorah have a combined thickness of 50 feet (PI. 
XVI), but the limestone of the Platteville is exceptional in that 
it is dolomitic. In southeastern Iowa the Platteville reaches a 
thickness of 90 feet at Pella and 100 feet at Burlington. (See 
ledk eG NGS) 

The Decorah shale extends to the extreme southwest corner 
of the state; for in the deep boring at Nebraska City, Nebraska, 
it was found at a depth of 2,754 feet, and its identification by 
stratigraphic and lithologic characteristics was amply confirmed 
by Ulrich’s determination of the distinctive fossils Stictopora 
angularis and Dalmanella subaequata var. minneapolis (7). 

In a number of places the Platteville limestone includes a 
brown bituminous shale from which the drill chips fragments 
that readily give forth long flames when ignited. This is the 
case at the Platteville outcrops near Dubuque. In southeastern 
Iowa this bituminous shale occurs at Pella, Letts, Washington, 
and Burlington. Its presence is of special interest, for it is from 
this horizon that the natural gas and petroleum of some large 
fields in other states rise to be stored in the reservoirs of over- 
lying rocks. The presence of bituminous shale or other bitumin- 
ous rock as a source is but one of the conditions for the aceumu- 
lation of these illuminants in paying quantities. As no oil or 
gas has been found in the wells which reach the Platteville, even 
where the formation is bituminous, it is evident that some of the 
other equally necessary conditions do not exist in Juwa in any 
area yet explored. 

The limestone of the Platteville is typically compact, blue or 
gray, more or less argillaceous, and in many places fossiliferous; 
under the drill it is broken to rather large flaky chips of serie 
luster. The magnesian content is not sufficient to prevent brisk 
effervescence in cold dilute hydrochlorie acid. 
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In places the Decorah shale is lacking or unreported, and here 
no definite boundary can be drawn between the Platteville lime- 
stone and the overlying Galena dolomite. 


GALENA DOLOMITE. 


The Decorah shale is overlain by a heavy body of limestone or 
dolomite, known as the Galena dolomite, which extends upward 
to the base of the Maquoketa shale. In its outcrops in Dubuque 
county, where it is a marked cliff maker along the bluffs of the 
’ Mississippi river and its tributaries, the Galena is known as the 
lead-bearing rock, and is a rough, vesicular, buff, cherty and 
crystalline dolomite. More or less of the formation is completely 
dolomitized in other counties of its outerop in northeastern 
Iowa, but dolomitization is by no means universal. In well sec- 
tions the formation varies, at the same horizons. from a rather 
soft nonmagnesian limestone similar to the Platteville to a 
erystalline dolomite entirely similar to those of its outcrops near 
Dubuque. Thus in passing from Dubuque 40 miles west to Man- 
chester the Galena changes from a homogeneous body of heavily 
bedded dolomite fronting the Mississippi in a wall 250 feet high 
to a series of thin-bedded, earthy, blue and gray limestones. 
Dolomite is absent also at Waterloo and Waverly. Where only 
a part of the formation is dolomitized, as at Sumner, Charles 
City, and Hampton, it is generally the upper portion. Dolo- 
mitic beds are present at Anamosa, Monticello, Clinton, Cedar 
Rapids, Tipton, Boone, and Fort Dodge. West of Des Moines 
river only dolomites occur in the samples of the drillings of this 
terrane. In central Iowa the formation is wholly dolomitic and 
in southeastern Iowa either the entire formation or the great 
bulk of it is either dolomitized or is erystalline and strongly 
magnesian. 


THICKNESS OF THE PLATTEVILLE, DECORAH, AND GALENA FORMATIONS. 


In northeastern Iowa the Galena, Decorah, and Platteville 
formations have a combined thickness ranging from 300 to 350 
feet. At Vinton their combined thickness is 401 feet, and at 
Waverly it is 420 feet. In northern Iowa these formations per- 
sist far to the west. At Charles City (Pl. V) they together 
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measure 380 feet, at Mason City (Pl. V) 405 feet, at Mallard 
(Pl. XVI) 375 feet, and at Emmetsburg (Pl. XVI) hardly less 
than 300 feet. At Osage (Pl. VII) they appear to be about 500 
feet thick, but the apparent increase is probably caused by in- 
cluding dolomitice portions of the Maquoketa. At Holstein mag- 
nesian limestones at this horizon aggregate 500 feet in thick- 
ness, and at Cherokee they measure 300 feet. (See Pl. XVII.) 
In the extreme northwestern part of Iowa the formations ap- 
pear to thin and may feather out. At Sanborn (Pl. XVII) the 
driller’s log places a bed 50 feet thick of ‘‘shale with streaks 
of rock’’ immediately above the Saint Peter, and this bed may 
represent the entire thickness of the three formations, Galena, 
Decorah, and Platteville. In central Iowa the combined thick- 
ness probably attains its maximum, measuring 410 feet at Boone 
and 508 feet at Des Moines. (See Pl. XVI.) In southeastern 
Towa it thins markedly. At Pella the beds measure 350 feet, at 
Burlington 273 feet, and at Mount Pleasant 256 feet. (See PI. 
XIII.) 
MAQUOKETA SHALE. 
DISTRIBUTION. 


The heavy bed of dark bluish gray clay shale overlying the 
Galena dolomite is known as the Maquoketa shale. It forms a 
thin surface cover over the Galena in a broad but broken belt 
across Winneshiek and Clayton counties, and it outcrops here 
and there along Mississippi river and its tributaries as far south 
as Clinton. It disintegrates so rapidly as to allow the massive 
overlying Niagaran limestone to form a bold mural escarpment 
extending along the entire length of Turkey river on the west- 
ern side—an escarpment that clearly marks not only the south 
and west limits of the Maquoketa as country rock but also fixes 
the western boundary of formations of the Cambrian and 
Ordovician rocks. 

The Maquoketa varies greatly along its narrow outcrop from 
Clinton northwest to the Minnesota line. To the southeast it is 
a heavy body of shale. Thickening to the northwest, it comes to 
include an upper shale 125 feet thick, a medial bed of cherty 
magnesian limestone in places 50 feet thick, and lower beds of 
shales and shaly limestones which may locally attain a thick- 
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ness of 100 feet; in well sections this triple division, which was 
perhaps first observed in this investigation, is well demarked. 
Again, in many well, as in its outcrops in Jackson and Clinton 
counties, the formation may be a single undivided body of shale. 
The tripartite division obtains in northeastern Iowa and extends 
west at least as far as Ackley. Thus at Sumner the Upper Ma- 
quoketa measures 80 feet, the Middle 70 feet, and the Lower 50 
feet. At Manchester (Pl. VI) the median bed is represented by 
a thin bed of limestone situated about 50 feet from the bottom of 
the terrane. At Waterloo (Pl. VI) the upper beds are 160 feet 
thick, the middle 75 feet, and the lower 30 feet. At Charles City 
(Pl. V) the Middle Maquoketa is 30 feet thick, and at Ackley 21 
feet (Pl. VI). At Hampton the main body of shale is as usual 
the Upper Maquoketa, and below it are ranged alternately two 
beds of limestone and two of shale, each about 20 feet thick. At 
Fort Dodge also beds of limestone oecur at several horizons 
within the supposed limits of the formation. Southward from 
northeastern Iowa the Maquoketa appears as an undivided body 
of shale, as might have been expected from the disappearance of 
its median limestones along its southern outcrops. 


LITHOLOGIC CHARACTER. 


The shales of the Maquoketa are both softer and paler than 
the Cambrian shales, and they lack the arenaceous content found 
in many places in the latter. Their bluish rather than greenish 
tint helps to distinguish them from the Decorah shale. They are 
not arenaceous, as are some of the Mississippian shales, and the 
absence of carbon and the presence of lime serve to distinguish 
them from many of the Pennsylvanian shales. They resemble 
most nearly the shales of the Kinderhook stage (Lower Missis- 
sippian). Drillers know them by the forcible and not inappro- 
priate term of ‘‘mud-rock’’ shales, since they appear in tie 
slush bucket as a blue mud. Drillings are preserved in hard mold- 
-ed masses of concreted clay, gritless but caleareous and mag- 
nesian. In places the Maquoketa is highly pyritiferous. It in- 
cludes in some areas bituminous brown shales. These are found 
near the base of the formation in the wells at Monticello, Tipton 
and Anamosa, and in the drill hole near Maquoketa sunk for 
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oil. This drill hole was sunk because of a show of oil found on the 
surface of a spring, or sink-hole pool, near the site where the well 
was afterwards drilled, and if this crude petroleum was derived 
from any subterranean source it probably came from the Ma- 
quoketa horizon. At Grinnell (Pl. XV) bituminous shales 20 
feet thick occur 70 feet below the assigned top of this formation. 


SILURIAN SYSTEM 
NIAGARAN DOLOMITE. 
DISTRIBUTION. 


Among the best water-bearing rocks of eastern Iowa must be 
ranked the Niagaran dolomite, the only formation of Silurian 
age that outcrops in the state. Beginning at the prominent 
Niagaran escarpment which borders Turkey river along its entire 
course, filling the great eastern bend of Mississippi river to Dav- 
enport, and lying east of a slightly irregular line drawn from 
West Union to Muscatine stretches the area over which this 
limestone outcrops or lies immediately below the drift. 


LITHOLOGIC CHARACTER. 


Except at one or two localities the Niagaran is completely 
dolomitized. Chert is not uncommon, especially in the lower 
beds. Minor differences in color and texture characteristic of 
the subdivisions of the Niagaran can seldom be discriminated in 
well drillings. Lithologically, the Niagaran of wells situated 
near its outcrops and for some distance west is a light buff, gray, 
or bluish dolomite, commonly suberystalline and vesicular. Un- 
der the drill it may be crushed to sparkling sand and drillers 
may therefore report it in well logs as ‘‘sand rock.”’ : 

Field surveys have shown that the Silurian pinches out in 
northern Iowa until the Devonian overlaps upon the Maquoketa 
shale, and the same condition is found in wells. The formation 
at the Tipton outcrop is 325 feet thick, but at Waterloo it has 
thinned to 107 feet and at Waverly to 50 feet. (See Pl. VIL.) At 
Osage (Pl. VII) but 150 feet seems to be left for the combined 
thickness of both Silurian and Devonian. At Hampton but 80 
feet can be allowed for the Niagaran. At Charles City (Pl. V) 
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the Silurian may reach 180 feet, but as the rocks assigned to 
this horizon are not lithologically characteristic the estimate 
may be a good deal too large and may include some rocks prop- 
erly belonging either to the Maquoketa or to the Devonian. 
West of its area of outcrop the Silurian suffers lithologic 
changes which make its boundaries in many places difficult to 
determine. Thus, at Charles City (Pl. V) it is supposed to in- 
clude a considerable amount of more or less argillaceous lime- 
stones that can hardly be assigned to the Maquoketa, because 
they would increase its thickness beyond probable measures. 
Westward from Cedar Rapids, along the line of the Chicago & 
North Western railway, the Niagaran facies is retained at Belle 
Plaine, where the formation measures 345 feet. (See Pl. XI.) 
At Marshalltown the Silurian is diminished to about 300 feet 
and includes brown magnesian limestones and nonmagnesian 
cherty limestones; several samples show more or less gypsum. 
At Ames and Boone the Silurian includes dolomites, thin shales, 
and more or less magnesian sandstones and limestones, the up- 
per limit being drawn with great uncertainty, chiefly on strati- 
graphic evidence. At Ackley the Niagaran comprises about 180 
feet of dolomite, but at Fort Dodge, farther west, the strata 
have so changed lithologically that the summit of the Silurian is 
very uncertain. (See Pl. VI.) 
_ In southeastern Iowa the Silurian includes a calciferous sand- 
stone, which at Washington is reported to be 100 feet thick. 
At Des Moines (Pl. XVI) arenaceous beds occur near the base 
of the terrane; at Centerville they are 50 feet thick and are com- 
posed of fine grains of clear quartz, moderately well rounded 
and sorted, many grains showing secondary enlargements whose 
facets give a peculiar sparkle to the drillings. Beneath this 
sandstone lies 60 feet of sandy limestone. At Ottumwa a sandy 
limestone is reported at about this horizon, 


SALINA (?) FORMATION, 


LITHOLOGIC CHARACTER, 


West and south of its outcrops the Silurian comprises an 
assemblage of limestones and in places red, ferruginous, gypsif- 
erous marls and beds of anhydrite, which seem best tentatively 
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referred to the Salina, although this terrane has not been posi- 
tively identified west of the Great Lakes. Gypsum and anhydrite 
are uncommon in the rocks of Iowa. Isolated crystals of selenite 
are present in some of the shales and beds of gypsum occur in 
the Permian deposits of Webster county and in the Saint Louis 
strata of Appanoose county. Both of these horizons are too 
high to be correlated with the gypsum deposits found in the deep 
wells. Apart from these two horizons drillings from lowa wells 
have shown gypsum or anhydrite only at the horizon attributed 
for good stratigraphic reasons to the Silurian. In this system, 
however, these minerals are in places too conspicuous to escape 
notice. Bits of white gypsum or of the harder anhydrite are 
readily noted among the limestone chips. The whole content 
of the slush bucket may be a whitish mud concreting to tough 
masses quite unlike marls of similar color. Under the micro- 
scope many specimens show a field largely oecupied with broken 
crystals of gypsum or anhydrite, whose identity is recognized 
unmistakably by their brilliant colors under polarized light and 
by their distinctive cleavages. Chemical tests confirm these ob- 
servations. 
DISTRIBUTION. 


These deposits are assuredly Silurian at Marshalltown, where 
the Niagaran outcrop is but 75 miles to the east. In central and 
southern Iowa the presence of the Kinderhook above these beds 
and of the Maquoketa shale below them limits their horizon to 
either the Devonian or the Silurian. It is most unlikely that 
they can belong to both, and between the two the choice is not 
difficult. The absence of such beds from the Devonian elsewhere, 
their common presence in the Salina of the eastern United States, 
and other stratigraphic reasons leave little doubt that the beds 
in question belong to the Silurian and are of Salina age. The 
presence of a bed of gypsum may therefore be used as a means 
of correlation. At Des Moines, for example, where 588 feet 
of limestone lies between the base of the Kinderhook and the 
summit of the Maquoketa, the presence of gypsum 80 feet from 
the top and of well-marked beds below leaves not more than 80 
feet to the Devonian and more than 500 feet to the Silurian. 
(See Pl. XV.) On the same assumption, the Silurian at Grinnell 
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is assigned 414 feet, the gypsum beds being confined to the upper 
247 feet; at Pella it is assigned 255 feet (Pl. XIII), and at Mount 
Pleasant, where the anhydrite beds are especially well marked, 
about 100 feet. The uncommon thickness thus alloted to the 
Silurian at Des Moines and Grinnell leads to drawing the bound- 
ary between the Silurian and Devonian higher at neighboring 
points, as at Boone and Ames, than might otherwise be done. 
(See Pl. XI.) 

If the sub-Mississippian gypsum of central and eastern Iowa 
is considered Silurian, the horizon of the gypseous beds found 
in southwestern Iowa below the Carboniferous may also be re- 
ferred to the Silurian; but the area is so remote from the out- 
crops of the terranes below the Pennsylvanian, and deep wells 
are so few, that the geologic sections in the few deep drill holes 
that pass below the floor of the Pennsylvanian can be made out 
only with the greatest difficulty. In the well at Glenwood (PI. 
XVIIT) a 70-foot bed of gypseous limestones and shales was 
struck at a depth of 1,924 feet. If 262 feet of superjacent dolo- 
mites and magnesian limestones and an included bed of sand- 
stone are added, the Silurian will have a probable thickness of 
332 feet. At Bedford, 60 miles southeast of Glenwood, beds of 
gypseous marl and limestone begin at 2,005 feet from the sur- 
face and continue to at least 2,350 feet. It is interesting to note 
that here ferruginous red and pink limestones occur above -the 
gypseous beds, tending to confirm the suggestion that these beds 
represent the deposits of the arid climate of the Salina epoch. 
At Council Bluffs magnesian limestones referred to the Silurian 
and destitute of gypsum form the chief bed, 


Though the Silurian as a whole thins out in northeastern 
Towa, it thickens toward central Iowa, maintaining a thickness 
of more than 300 feet to the southwestern border of the state. 


In southeastern Iowa the local upwarp of the lower Ordovi- 
cian strata causes a notable thinning of the Silurian beds toward 
the dome. Thus the Silurian at Davenport, 345 feet thick, thins 
to some undetermined part of the 180 feet allotted to the com- 
bined Devonian and Silurian at Burlington and to a probable 
60 feet at Keokuk. (See Pl. XII.) At Pella the thickness of 
the combined Silurian and Devonian is 420 feet, at Mount 
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Pleasant it is about half that measure, and at Burlington it is 
compassed within 180 feet. (See Pl. XIII.) The thickness of 
the Silurian and Devonian at Centerville is nearly 400 feet (PI. 
X); 80 miles east of Centerville, at Fort Madison, it measures 
only 142 feet (Pl. XII). 


DEVONIAN SYSTEM 


The Devonian limestones and shales occupy a wedge-shaped 
area whose wide base lies along the northern boundary of the 
state from Winnebago county to Howard county. Pointing south- 
eastward and gradually narrowing, it comes to an apex in Scott 
and. Museatine counties. The Devonian includes rocks formed 
during three principal epochs. The uppermost formation, the 
Lime Creek shale, which is of Upper Devonian:age, is typically 
exposed in Cerro Gordo and adjoining counties, where it com- 
prises blue and yellow shale (the Hackberry substage of the 
Iowa State Survey) 70 feet thick, overlain by dolomite and shale 
(the Owen substage of the Iowa Survey) exceeding 50 feet in 
thickness. 

In other parts of the state the uppermost Devonian forma- 
tion is known as the Sweetland Creek shale, and in still other 
areas it is represented by the State Quarry limestone of the 
Iowa Survey reports. These three formations have been re- 
garded as more or less contemporaneous. Each rests uncop- 
formably upon the Cedar Valley limestone. The medial forma- 
tion of the Devonian—the Cedar Valley limestone—is of Middle 
Devonian age, and is the most widely distributed of the three. 
It comprises an assemblage of limestones varying widely in 
color and texture and argillaceous content, and in the northern 
counties includes dolomitice beds, but over most of the area the 
magnesian content falls far short of that requisite for dolomite. 
The thickness of the Cedar Valley limestone in Johnson county 
is estimated at 104 feet by Calvin. The lowest Devonian forma- 
tion—the Wapsipinicon limestone—is also of Middle Devonian 
age. It consists of blue and yellow shales, cherty argillaceous 
limestones, local beds of coal and coaly shales (the Independence 
shale), gray lithographic limestones and breccia beds along 
with limestones of other types. The lowest beds of the Wap-, 
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sipinicon are dolomitized and can not always be distinguished in 
drillings from the Silurian dolomites. 

These Devonian formations can be distinguished from each 
other in some deep wells, but as a rule they can not be separated, 
and it is with considerable difficulty that even the limits of the 
Devonian as a whole are drawn. Thus the highest shale of 
the Devonian may be immediately overlain by shale of the Kin- 
derhook group. Where this occurs and fossils are absent, the 
discrimination has been found impracticable even in outcrops. 
Certain shales in a well at Hampton are classified as Devonian 
rather than Kinderhook, owing to their stratigraphic corre- 
spondence with certain heavy shales, apparently Devonian, that 
outcrop at Sheffield. At Belle Plaine the highest shales of the 
section are placed with the Devonian only because of the general 
dip of the strata of the region. (See Pl. XI.) Apparently there 
is in central Iowa a strong development of the Lime Creek shale, 
but it can be separated from the Kinderhook only by more or 
less arbitrary lines, drawn by the accepted areal distribution 
and the supposed dip of the strata. 

In discriminating the dolomitic beds of the Devonian from 
those of the Silurian, the Silurian beds, except those of north- 
eastern Iowa, are generally considered the more persistent and 
the heavier. Though the area of outcrop of the Devonian is 
wide, measuring about 75 miles on the north from east to west. 
the thickness of the terrane at any point on the area of outcrop 
is not large. At Waverly (Pl. VII) a well section shows a total 
thickness of only 70 feet of Devonian rocks, above which the 
natural outcrops rise some 50 feet higher. 

The greatest thickness attributed to the Devonian is at Mar- 
shalltown (Pl. XI), Ackley (Pl. VI), and Hampton, where it 
seems to reach 300 feet. At Grinnell (Pl. XV) it is given as 
about 200 feet and is largely shaly. At Homestead (Pl. XV) 
heavy shales below the drift lie at the Devonian horizon, but if 
there is here a downwarp, the shales may be Kinderhook in- 
stead. In southeastern Iowa the Devonian nowhere reaches 
more than 175 feet.in thickness. At Washington (Pl. X) 100 
feet can be assigned to it with some certainty. At Letts (PI. 
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XIV), Mount Pleasant (Pl. XIII), and Burlington the Devonian 
somewhat exceeds 100 feet, arid at Pella and Sigourney (PI. 
XIV) it reaches about 170 feet. In several instances, however, the 
rocks aseribed to the Devonian may include more or less of the 
basal portion of the heavy ishales whose main body is unques- 
tionably Kinderhook. 


CARBONIFEROUS SYSTEM 
MISSISSIPPIAN SERIES. 
OUTCROPS AND SUBDIVISIONS. 


Mississippian (Lower Carboniferous) rocks outerop along a 
belt of varying width extending from Kossuth and Winnebago 
counties on the north to Mississippi river on the southeast, and 
along the river from Louisa county to the Missouri state line. 
The series embraces a wide variety of rocks. With two or three 
exceptions its formations are not thick, and in well sections 
hithologic change is comparatively rapid. 

The Mississippian of the Iowa State Survey reports, and as 
used in this report, comprises three major subdivisions which, 
from the base upward, are known as the Kinderhook stage, the 
Osage stage, and the Saint Louis limestone. The Osage stage 
of this report, however, is not exactly the same as the Osage 
stage of the United States Geological Survey, since, for con- 
venience, the former includes at the top the lower part of the 
Warsaw limestone, the upper part of the Warsaw being in- 
cluded in the overlying Saint Louis limestone, as that formation 
is defined in this report. 


' KINDERHOOK STAGE, 


The Kinderhook stage embraces a median heavy shale with 
limestones above and below. In central Iowa the upper non- 
argillaceous beds are strongly developed and furnish the white 
oolitic and buff magnesian limestones of Tama, Marshall, Frank- 
lin, and Humboldt counties. In well sections it is quite impossi- 
ble to discriminate any basal limestones from those of the De- 
vonian, and it is in many places equally impracticable to dis- 
eriminate the upper limestones of the Kinderhook from the 
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overlying Osage limestones. The main body of shale, however, 
is one of the best defined in the state, especially in southeastern 
Iowa. At Burlington, Mount Clara, and Mount Pleasant it runs 
from 300 to 370 feet in thickness; at Fort Madison it is 268 feet 
thick, and at Keokuk about 225 feet.. (See Pl. XII.) North 
and west from its outcrop in the extreme southeastern part of 
Jowa, the shale thins somewhat. At Ottumwa (PI. X) it 
measures 165 feet, at Grinnell (Pl. VIII) 170 feet, at Sigourney 
(Pl. XIV) 198 feet, at Pella and at Oskaloosa less than 125 feet. 
(See Pl. XIII.) In central and northern Iowa, as on the up- 
lands of southeastern Iowa, the shales of the Kinderhook gen- 
erally fail of exposure, as in preglacial time their outcrop 
formed a belt of weak rock wasting to lower levels than the 
area of stronger rock adjacent, and during the Pleistocene this 
trough was deeply filled with drift. The absence of rock ex- 
posures along a belt of considerable width bordering the line 
of the westernmost Devonian outcrops may thus be explained. 

In central Iowa the chief beds of the Kinderhook which reach 
the surface are limestones. The section at Marshalltown (PI. 
XI) discloses a thickness of 145 feet for this division of the 
Kinderhook and of 175 feet of underlying shales. At Ackley 
(Pl. VI) 207 feet of shale seems to belong to the Kinderhook. 
At Hampton the 108 feet of shales immediately below the drift 
falls into two divisions and, according to Williams, the same 
beds occur at several points in the eastern part of the county, 
giving rise to a line of springs. 

West of a line passing through Marshalltown, Ackley, and 
Hampton the shales of the Kinderhook greatly diminish in 
thickness. They are so scant at Ames, Boone, and Fort Dodge 
that the boundaries of the Kinderhook are drawn with greatest 
difficulty. At Dayton they are wholly absent so far as the record 
shows, although it is possible that the well may have failed of 
reaching them by a few feet. Both at Boone and Fort Dodge 
the base of the Kinderhook is arbitrarily drawn at a bed of thin 
shales lying underneath argillaceous limestones. (See Pl. XVI.) ~ 

In southwestern Iowa, at Glenwood, shales 134 feet thick occur 
at the supposed base of the Mississippian, and at Bedford shales. 
thirty feet thick are found at this horizon. (See Pl. XVIII.) 


Williams, I. A., Ann. Rept. Iowa Geol. Survey, vol. 16, 1906, p. 482. 
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OSAGE STAGE. 


The rocks of the Osage stage immediately overlie the Kincer- 
hook. The basal limestones of the Osage are well known to all 
drillers in southeastern Iowa as the Burlington limestone. 
Under the drill they break into flaky chips, many of which are 
intensely white. Close examination shows that the apparent 
erystalline structure of many specimens is due to the érystalline 
cleavages of the broken plates and stem joints of crinoids. In 
places the stone is made up almost wholly of erinoidal frag- 
ments, and where finer cementing material is wanting the rock 
becomes full of interstices and permeable to water. The lower 
strata of the Burlington are somewhat thickly bedded with thin 
partings. Toward the top they include chert and brown sili- 
ceous ‘shales. The overlying beds of the Burlington are less 
massive and in many places parted by shaly layers. These 
beds pass upward into cherts (the Montrose Chert of the Iowa 
Geological Survey), which form the top member of the Burling- 
ton and which outcrop along the bed of the Mississippi, giving 
rise by their hardness to the Des Moines, Rapids, which extend 
from Montrose to Keokuk. Hard and resistant to the weather 
as these cherts are, they present no special difficulty to the ex- 
perienced driller, for they are brittle, breaking easily under 
the stroke of the drill, and their angular white chips do not pack. 
They occur either irregularly bedded in shattered seams or so 
disposed in nodules that the solution of the limy content of the 
strata leaves them highly permeable and serviceable as water 
beds. 

On account of their purity the limestones of the Burlington 
are highly soluble. Sink holes along the outcrops indicate where 
the run-off flows rapidly down to subterranean channels exca- 
vated. by solution along bedding planes and joints. 

Above the Burlington limestone the Osage stage includes 
cherty coarse-grained limestone and limy shales (Keokuk lime- 
stone), which at their outcrop abound in geodes—hollow shells 
of chalcedony or of lime carbonate lined with crystals of quartz 
or calcite. The presence of this formation is in some places in- 
dicated to the driller by chips of milky chalcedony and pieces of 
broken crystals of clear quartz brought up in the slush bucket 
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in some abundance. For convenience the lower part of the War- 
saw limestone is included in the Osage stage of this report. 


SAINT LOUIS STAGE, 


The Saint Louis limestone, the uppermost division of the Mis- 
sissippian as here differentiated, forms an important part of 
the country rock over Keokuk, Washington, Henry, and Lee 
counties, over minor areas in adjacent counties, and over Story, 
Webster, and Humboldt counties. Its lowest division consists 
of shale and shaly limestones, which properly belong to the War- 
saw limestone, but which for convenience are included in the 
Saint Louis, A median division consists of gray sandstones, 
shales, and brecciated limestones, the sandstones predominating. 
The upper division is made up largely of heavily bedded, im- 
pure magnesian limestones with some marls. These different 
subdivisions are distinguished in the shallower wells of the 
region of outcrop, but have not been traced to any distance from 
their outcrop by means of the deeper wells. 


THICKNESS OF OSAGE STAGE AND SAINT LOUIS LIMESTONE. 


The geologic sections (Pls. V-X VIII) show that the combined 
thickness of the Osage stage and Saint Louis limestone as, dif- 
ferentiated in this report varies within wide limits. The upper 
surface of the Mississippian is everywhere a surface of erosion, 
not only along its outcrops, but also where it is parted by a 
strong unconformity from the overlying Pennsylvanian, and for 
this reason inequalities of hundreds of feet are not unexpected. 
The change of the Kinderhook from shale to limestone in passing 
north and northwest from its outcrops in southern Iowa in- 
ereases the thickness of the Mississippian above the shales, but 
here the upper limestones of the Kinderhook can seldom be 
discriminated from those of higher terranes. Along the east- 
ern part of the belt of outcrop the terrane is naturally thin be- 
eause of the absence of the superior members. 

The thickness of the Mississippian above the Kinderhook 
amounts to about 300 feet in the southeastern part of the state 
(Pl. XIV), where it passes beneath the Pennsylvanian rocks, 
measuring 270 feet at Pella, 300 feet at Newton, 306 feet at 
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Sigourney, and 320 feet at Dayton. Farther west it apparently 
thickens, and at Centerville (Pl. XVI) it measures a little more 
than 500 feet. A like thickening is observed in central and 
north-central Iowa. At Ames a thickness of 445 feet is assigned 
to the Osage and the Saint Louis, at Boone (Pl. XI) 485 feet, 
and at Fort Dodge 500 feet, although at each of these places 
the base of the Osage is by no means certain. In northwestern 
Iowa the Mississippian maintains a thickness of more than 200 
feet at Cherokee. In southwestern Iowa (Pl. XVIII) it is given 
355 feet at Bedford and 280 feet at Glenwood. At Lincoln, Ne- 
braska, it seems to have nearly or quite disappeared. 


PENNSYLVANIAN SERIES. 


SUBDIVISIONS. 


Rocks belonging to the Pennsylvanian series or Coal 
Measures lie at the surface or immediately beneath the drift 
in most of southern Iowa and immediately beneath the Creta- 
ceous rocks in western Iowa. (See fig. 6.) The series is 
divided into two stages, the Missouri and the Des Moines. The 
Missouri stage (Upper Coal Measures) oceupies the southwest- 
ern part of the state and consists of shales and limestones. The 
Des Moines stage (Lower Coal Measures) outcrops to the east - 
of the Missouri stage, and is composed predominantly of shales, 
with some sandstone and a few beds of limestone. Drill cores 
and natural sections show in each group a rapid vertical litholo- 
gic alternation, and not infrequently the slush bucket brings 
up from the cutting of the churn drill samples of thin alternating 
layers of several different kinds of rock. Field exposures show 


rapid horizontal changes in the strata. Thick lenses of sand- 
stone, for example, thin out in a few miles and are replaced 


by argillaceous beds. 
DES MOINES STAGE. 


The Des Moines stage occupies a belt 50 to 80 miles in width, 
extending from the southern part of Humboldt and Wright 
counties southeastward to the eastern half of the Missouri state 
line. An outlier of about 80 square miles overlies the Devonian 
along Mississippi river in the southern part of Muscatine and 
Scott counties. 
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At the base of the Des Moines is a sandstone which though 
not everywhere present deserves special mention. In the deep 
wells of eastern Iowa as far west as Des Moines this sandstone 
is absent from the deeper wells; in southwestern Iowa it occurs 
in all wells which reach its horizon. At Atlantic it is 50 feet 
thick, the uppermost half being a gray sandstone of finest grain, 
succeeded by five feet of sandy limestone, six feet of brown sand- 
stone, and 15 feet of gray sandstone. At Glenwood gray sand- 
stone of imperfectly rounded grains 107 feet thick, including 
25 feet of chert and shale, lies immediately upon the cherts of 
the Mississippian. At Bedford the sandstone attains 160 feet 
in thickness. (See Pl. XVIII.) 

‘The Des Moines stage in southeastern Iowa consists at the 
base of shales with some sandstones and singularly persistent 
thin limestone beds rarely exceeding one or two feet in thickness. 
These beds are overlain by a series of persistent limestones 
with shales and coal seams. At the top is the conglomerate, to 
which Bain applied the name Chariton. On the whole, the well 
sections of the Des Moines show a large predominance of shales, 
for the most part gray or blue in color, though heavy beds of 
dark drab and blackish shales are not uncommon, and red shales 
occur in many places. In composition they range from pure 
clay shales to limy, or sandy, or carbonaceous shales, and these 
may shade off horizontally into limestones, sandstones, or coal. 


MISSOURI STAGE. 


The upper stage of the Pennsylvanian, known as the Missouri, 
occupies the southwest corner of Iowa, extending from the mid- 
dle of the southern boundary to the middle of the western, but 
the hypothenuse of the triangle thus formed is overlain in the 
north-central part by a very broken and irregular extension of 
the Cretaceous. The sediments are chiefly calcareous shales in- 
terbedded with heavy and persistent beds of limestone. The 
latter are remarkably evenly bedded and extend over wide areas. 
Individual beds of limestone are much thicker than those of the 
Des Moines stage, in places reaching a thickness of 50 feet or 
more. About 11 divisions of the Missouri stage have been plau- 
sibly discriminated by students in the field, but as no attempt 
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has been made to identify them in the deep-well records they need 
no detailed mention. 


PERMIAN’ SERIES. 


The strata tentatively referred to the Permian occupy so small 
an area that their effect upon the distribution and quality of 
underground waters is insignificant. The gypsum deposits in 
the vicinity of Fort Dodge and the associated red sandstones 
and shales which have been tentatively referred to the Permian 
on lithologic and stratigraphic grounds are unfossiliferous. 
They he unconformably upon strata of the Des Moines stage, or 
where these have been removed by erosion, upon the Saint Louis 
limestone. An erosion interval of considerable length thus sep- 
arates the period of their deposition from the Des Moines epoch. 


CRETACEOUS SYSTEM 
DAKOTA AND COLORADO STAGES. 


The latest terranes of the country rock of Iowa belong to the 
Upper Cretaceous. They cover the northwestern part of the 
state and extend a ragged and broken arm southward almost 
to the Missouri line in Page county. Over much of the area 
they occur in more or less isolated patches whose borders can 
seldom be determined on account of the heavy cover of drift and 
the infrequent outcrops. On the geologic map of the state the 
Cretaceous is indicated as a continuous formation over the area 
embraced by its scattered outcrops. 

The Cretaceous rocks of western Iowa belong to the Dakota 
and Colorado stages. They overlie the Paleozoic formations 
with pronounced unconformity. The Dakota is a coarse-grained, 
ferruginous sandstone, very poorly cemented and locally inter- 
‘bedded with seams of clay. In places it includes beds of very 
fine incoherent sand. It is of the same age as the great aquifer 
of the South Dakota artesian slope, but being separated from 
that area by outcrops of the Sioux quartzite it does not show 
the high artesian pressure which characterizes the formation 
in the South Dakota field. 
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Overlying the Dakota sandstone occur shales and calcareous 
beds of the Colorado stage. Drillers in western Iowa should 
take special pains to discriminate these from the pebbly clays 
of the drifts. 


TERTIARY SYSTEM 


In a few localities patches of gravel and sand discovered be- 
neath the drift have been tentatively referred to the Tertiary 
system. ‘ 

In Tertiary and other preglacial periods the long disintegra- 
tion and decay of the country rock produced a deep mantle of 
residual material, which was not wholly swept away by the in- 
vasions of the Pleistocene ice sheets. Over the driftless area 
residual clays remain continuous and heavy. Elsewhere they 
have been largely removed by glacial erosion and are now found 
in thin and scattered patches occupying depressions in the rock 
surface underneath the drift. Formed of the insoluble constit- 
uents of the country rock, they spread over the limestone and 
shale areas of the state as stiff, plastic, and impervious clays 
colored deep red or brown by iron oxides. Where cherts are 
present in the parent rock their insoluble fragments may form 
a large part of the deposit. 

Decay and disintegration, no doubt in large part preglacial, 
have affected the country rock in another way which directly 
eoncerns the distribution of ground water. Sandstones have 
been broken down into beds of incoherent sand by the removal 
of their cements, and heavily bedded limestones have disinte- 
grated into a surface zone of thin spalls by the detachment and 
fracture of their constituent lamine. Thus has been opened up 
beneath impervious residual clays and till sheets a zone of ready 
passage for ground water. 


QUATERNARY SYSTEM 
PLEISTOCENE SERIES. 


The Pleistocene series in Iowa comprises the deposits of five 
distinct glacial stages and of four interglacial stages. The de- 
posits of the glacial invasions consist of stony clays—the ground 
moraines of ancient ice sheets—together with beds of sand and 
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gravel sorted and: laid by the waters of the melting ice. The 
stratified and unstratified deposits together constitute the drift. 
The deposits of the interglacial epochs include old soils, marsh, 
and forest beds, and sands and gravels laid by the rivers of the 
time. (See Pl. III, in pocket.) 


NEBRASKAN DRIFT. 


The oldest and lowest glacial deposit is that of the Nebraskan 
stage. It embraces both sands and gravels laid down on rock 
by streams deploying in front of the advancing glacial ice, and 
also a ground moraine of blackish till bearing a large number 
of greenstone pebbles. 


AFTONIAN GRAVEL. 


The Aftonian interglacial epoch derives its name from Afton 
Junction, Union county, Iowa, where heavy deposits of sands 
and gravels were found lying between the Nebraskan drift and 
that of the succeeding glacial stage—the Kansan. These type 
deposits were at first supposed to have been laid down by floods 
of the melting ice of the Nebraskan glaciers, but the recent dis- 
covery at a number of localities in western Iowa of Aftonian 
gravels carrying a rich mammalian fauna proves that they were 
laid down during an interglacial time whose climate was far 
from boreal.’ 

On the uplands these gravels are generally thin and in places 
are entirely wanting; in the lowlands they form extensive beds, 
in many places filling the preglacial valleys to depths of 50 to 
60 feet. To the same stage belong old soils and forest beds 
developed on the Nebraskan drift sheet. In the southwestern 
part of the state these layers bear decaying organic matter 
known by drillers as ‘‘sea mud,’’ ‘‘stinking clay,’’ and ‘‘black 
muck,’’ which not infrequently renders the waters of deep-bored 
wells obnoxious. 

KANSAN DRIFT. | 

The deposits of the second ice invasion consist largely of a 
clayey till, dense, tough, and difficult to excavate, charged with 
many small pebbles and sparse bowlders. Little stratified ma- 


1Calvin, Samuel, Bull. Geol. Soc. America, vol. 20, pp. 341-356. 
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terial is intermingled or associated with the Kansan drift. The 
till is blue-drab in color where unweathered, but so great is its 
antiquity that it is reddened by oxidation to a considerable 
depth. The Kansan drift was spread over all the state outside 
of the driftless area, and to it belongs the larger part of che 
stony clays pierced by the drill in any county. 


YARMOUTH STAGE. 


In eastern Iowa, where the Illinoian drift sheet overlaps the 
Kansan, there are found old soils and weathered surfaces be- 
longing to the interglacial stage called the Yarmouth, from the 
village of that name in Des Moines county. The gravel that is 
widely spread over the Kansan drift in Buchanan and other 
counties of northeastern Iowa overrun by the Iowan ice and 
hence termed the Buchanan gravel, was probably laid down in 
Yarmouth time. Two phases are discriminated by the Iowa 
State Survey—an upland phase, heavily rusted and decayed, 
and a valley phase of sands and gravels more quartzose in 
character. 

ILLINOIAN DRIFT. 


Within the narrow belt of its occurrence along Mississippi 
river in southeastern Iowa the Illinoian drift consists mainly 
of a clayey till differing from the Kansan till in the larger pro- 
portion of dolomite pebbles which it carries, in a slightly less 
compact structure, and in a weathered zone of lesser depth. The 
upper surface of the drift sheet underneath its cover of loess 
is marked by a leached gray soil and vegetal deposits of the 
Sangamon interglacial stage. 


IOWAN DRIFT. 


The Iowan drift, as discriminated by Calvin, is recognized most 
readily by the characteristic topography already described (p. 
56). Itis exceptionally thin. It consists of a light yellow clayey 
till and numerous large superficial bowlders, generally of 
granite. 

WISCONSIN DRIFT. 


The latest ice invasion of the state laid down a ground mo- 
raine of clayey till containing a notably large proportion of 
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limestone pebbles. The slight extent to which it has been oxi- 
dized and leached of lime marks its recency, The drainage of 
Wisconsin time was exceptionally vigorous. Gravel hills called 
kames mark the places where glacial streams reached the 
margin of the ice and threw down their loads. Outwash sands 
and gravels cover whole townships in continuous sheets, and 
deep gravel deposits were laid down by swollen rivers along all 
waterways leading outward from the area of this drift. 


LOESS. 


Loess is a gritless loam intermediate in size of particles be- 
tween sand and clay. Because of its loose texture it is highly 
permeable. Much of the surface yellow loess is underlain by a 
blue-gray loess supposed by some to be of greater age. In 
other places it may graduate into a reddish loam intermediate 
in texture and color between loess and the red residual clays or 
the red weathered clays of the drift on which it rests.’ 

About the Iowan border and also over wide areas of the Illi- 
noian drift the loess passes downward into sand by interbedded 
alternate layers of the two deposits. Such deposits are some- 
times referred to as subloessial sands. Loess is widely dis- 
tributed in Iowa, covering practically all the state except the 
areas of the Iowan and the Wisconsin drift sheets, and being 
found even upon these in some small patches. 


ALLUVIUM. 


Alluvial deposits consisting of many feet of sand and gravel 
alternating with clay and covered with silt and loam fill the 
valleys of most of the larger streams to a considerable depth. 
Much of this material belongs to deposits already described, but 
is indistinguishable from the more recent beds. 
 iNorton, W. H., Geology of Scott County; Iowa Geol. Survey, vol. 9, pp. 486-487. 
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CHAPTER III. 


GEOLOGIC OCCURRENCE OF UNDERGROUND WATER. 


BY W. H. NORTON, HOWARD E. SIMPSON, AND W. S. HENDRIXSON. 





CLASSIFICATION OF UNDERGROUND WATERS 2 


In a prairie region of uniform and abundant rainfall, such as 
prevails throughout Iowa, the permanent ground-water level 
may be found at no considerable distance below the surface, 
and water suitable both in quality and quantity for domestic, 
farm, and village supplies may generally be obtained from shal- 
low wells. Many such shallow waters are too meager or too 
liable to pollution to meet the needs of industrial plants and of 
towns and cities. Where large supplies of the purest ground 
water are needed it has been necessary to resort to artesian 
waters of the deeper zones of flow reached by wells hundreds 
and in some places thousands of feet in depth. 

The underground waters of Iowa, therefore, fall into two 
groups. The first group, comprising those available for home, 
farm, or village supply, commonly lie less than 100 feet and 
rarely more than 500 feet below the surface, and are usually 
obtained from bored, driven, or drilled wells, or in a few dis- 
tricts where the valleys are cut beneath the ground-water table, 
directly from: springs. These waters are frequently termed 
shallow or local waters, as they are fed directly by local rain- 
fall absorbed through the soils above. Wells drawing their sup- 
ply from these sources penetrate only the drift or superficial 
deposits and the country rock—the rock terrane outcropping 
in the area or immediately underlying the superficial deposits. 

The second group of waters, those belonging to rock strata 
buried below the country rock and circulating through the more 


106 UNDERGROUND WATER RESOURCES OF IOWA 


permeable layers under greater or less pressure, are termed 
artesian waters, and wells deriving their supply from such 
waters are termed artesian wells whether they flow at the sur- 
face or not. Many cities and industrial plants resort to these 
waters, while others utilize groups of shallow wells in alluvial 
deposits or the surface waters of streams. 


The line of separation between the country-rock waters and 
the artesian waters can not, however, be sharply drawn. In the 
driftless area in northeastern Iowa the deep artesian rock sys- 
tems rise and become country rock, and practically all the com- 
mon wells are of the artesian class, though few exceed 500 feet 
in depth. Artesian wells are also found in both the drift and 
the country rock immediately under the drift, many of them at 
depths much less than 500 feet. And again in some portions 
of the state ordinary wells pass through the shallow drift and 
country rock into formations not exposed near the surface. 


WATERS OF THE ROCK FORMATIONS 


” 


ARTESIAN FIELD. 


OCCURRENCE OF WATER. 


The artesian field of Iowa is but a part of an extensive area 
of the upper Mississippi valley where artesian conditions pre- 
vail—an area embracing southern Wisconsin and Minnesota, 
northern Missouri, and a large part of Illinois. The chief water 
beds, or aquifers, of the artesian system of this large area out- 
crop in southern Wisconsin and Minnesota, so that these states 
include the gathering ground from which the artesian waters 
are collected. On account of the very gentle inclination of the 
strata and the thickness of the chief aquifers, the collecting area 
is exceptionally large, and this, together with the’abundant rain- 
fall of the region, insures the artesian field, as a whole, against 
exhaustion. 

From the intake area, or area of outcrop, the strata of the 
‘artesian system have a general southward inclination. They 
do not, however, show a uniform artesian ‘‘slope,’’ but lie in 
the form of a shallow trough open to the southwest. The axis 
of the trough enters the state from the north about midway 
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between the eastern and western borders and leaves it at the 
‘southwest corner. In southeastern Iowa the lower beds of the 
Paleozoic rise in a dome now covered and concealed by later 
Paleozoic formations. It is possible also that in southern Iowa 
begins the upward rise of the lower Paleozoic strata disclosed 
in deep wells in north-central Missouri. As the strata of south- 
eastern Nebraska dip also toward the axis of the trough, the 
lowa field is somewhat spatulate, and needs only to be closed 
by a rise of strata to the southwest in order to form an artesia 

basin. : 

So gentle is the inclination of the strata that the Cambrian 
and Ordovician water beds remain within reach of the drill and 
may be profitably exploited over all except the southwestern 
part of the state, where the dip of the trough carries them so 
deep that so far no well has reached them. Here, however, 
higher water horizons of the same system are able in part to 
take their place. 

The map (PI. I, in pocket) showing the distribution of arte- 
sian wells in lowa roughly indicates the nearness of the chief 
aquifers to the surface. Thus, in eastern and northern Iowa, 
where wells are numerous, the depth to the aquifers is slight, 
and toward the southwest, where they are fewer, the distance 
to the water beds is steadily increasing. 

The Cambrian and Ordovician systems contain a number of 
thick water-bearing sandstones which supply the deep wells in 
the northeastern part of the state. These are, in downward 
succession, the Saint Peter, New Richmond, Jordan, Dresbach, 
and the older Cambrian sandstones. The Paleozoic formations 
above the Saint Peter also contain water-bearing members, 
chiefly limestones and sandstones, but these can scarcely be com- 
pared with the sandstones already mentioned for the quality 
and quantity of their water. 

The Cretaceous system contains considerable water in the 
Dakota sandstone, which is its basal formation, and supplies 
many wells in the western part of the state. 

The Pleistocene deposits, especially the beds of sand and 
gravel, yield supplies to innumerable shallow wells in nearly 
all sections and are the most important source of water in the 
state. 
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QUALITY OF WATER AS RELATED TO GEOLOGIC SOURCE. 


To determine with accuracy the quality of water supplied by 
the different geologic formations seems well-nigh impossible 
from the data at hand. This is due to several facts: 

In very few, if any, deep wells are the waters known to be 
derived from a single stratum. Many wells from 1.000 to 2,000 
feet deep are cased only to rock. Some are cased for a tew _ 
hundred feet; few are c2sed more than 1,000 feet; scarcely a 
single very deep well is cased to the lowest water-bearing forma- 
tion. It is evident that the output of most of the deep wells, 
therefore, represents a mixture of all flows below the casing. 
This is true, for example, of the wells at Cedar Rapids, cased 
to 85 feet; of the well at Hampton, cased to 200 feet: of the 
well of the Murray Iron Works at Burlington, whose water, 
according to the owner, represents ‘all flows; and the same may 
be said of many others. 7 

Casings in many Iowa deep wells are short-lived. The casings 
of well No. 1 at Grinnell, of No. 2 at Centerville, and of the 
wells at Cedar Rapids illustrate the destructive action 
of the upper waters on iron tubing. It seems probable that the 
life of such casing when exposed to the action of the heavily 
mineralized waters of the Carboniferous may be only 5 to 10 
years, and therefore waters shut out when the well is drilled 
may later enter the well. 

Casings are often faultily put down and do not shut out the 
waters they were intended to exclude. Though the wells at 
Grinnell have been cased with as much care as others, they are 
good illustrations of faulty casing. In well No. 1 there was 
known to be a break in the casing at about 400 feet, and the well 
always yielded water containing about 2,000 parts per million 
of solids. The water had the characteristics of the water from 
several shallower wells in the neighborhood, which are known 
to derive their waters from the drift just above solid rock and 
from the Carboniferous. Well No. 2 was provided with a con- 
tinuous casing for about 840 feet, and while the casing remained 
in good condition its water contained less than half as much 
mineral matter as well No. 1, the best analysis showing 881 
parts total solids, though even then a small flow of very hard 
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water surely entered at about 1,530 feet. Several years after 
it was drilled it was found that the shale had caved, filling the 
well to 1,700 feet, or just above the Saint Peter sandstone, and 
an analysis at the time, mainly of the flow at 1,530 feet showed 
about 5,000 parts of solids. Though several analyses have been 
made of water from well No. 3, which was drilled and cased to 
the same depth as well No. 2, none of them have been as low in 
solids as the 881 parts found in No. 2, the lowest for No. 3 being 
1,147 parts. It is probable that the casing of this well is not 
perfect as far as it goes, and it is certain that none of these wells 
have yielded water from only the Saint Peter and the New Rich- 
mond sandstones. 

The water in one stratum may find access to another through 
fissures or more slowly by seepage. The similarity of the waters 
from the sandstone strata of the Cambrian and the Ordovician 
gives some support to this view. 

Though the stratum supplying the greater part of the water 
can be determined in many wells, the entrance of a small amount 
of water from another stratum may render such information 
valueless in a region like Iowa, where many waters are so highly 
mineralized. For instance, 90 per cent of a well’s yield might 
come from a formation supplying excellent water, but the other 
10 per cent, coming from a formation furnishing salt water, 
might render the supply nonpotable. 

Though the characteristics of the waters from the several 
aquifers cannot be made out with scientific accuracy in all parts 
of the state, much may be learned of these waters from the data 
at hand, and there is little doubt as to their quality in general. 


WATER IN PRECAMBRIAN ROCKS, 


SIOUX QUARTZITE, 


The close joints which appear in the Sioux quartzite at its 
outcrops and some little-indurated sandy layers which it in- 
cludes permit it to contain a considerable quantity of ground 
water. These joints, however, may be expected to decrease 
rapidly with increase in depth. It should be clearly under- 
stood, then, that the drilling of deep wells below the summit 
of the pre-Cambrian of Iowa is not only difficult and costly, but 
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also futile. In no place within the limits of the state can it be 
encouraged. When the drill reaches these crystalline rocks the 
work should cease. But the question whether the pre-Cambrian 
rocks have really been reached can not be left to either the work- 
man or to the citizen untrained in the determination of rocks. 
It must be decided by an experienced geologist. 

The Sioux quartzite is known to yield small quantities of 
water, and at Sioux City about three gallons a minute is re- 
ported to be obtained from schist at a depth of 1,480 feet, but 
it is needless to say that such small supplies do not repay deep 
drilling through hard rocks. 


WATER IN CAMBRIAN AND ORDOVICIAN ROCKS, 
CAMBRIAN SYSTEM. 


DRESBACH SANDSTONE AND UNDERLYING CAMBRIAN SANDSTONES. 


Wells.—The porous saccharoidal Dresbach and underlying 
Cambrian sandstones yield freely an excellent water in north- 
eastern and eastern Iowa. It is these sandstones which supply 
the many flowing wells of the valley of Upper Iowa river and 
furnish a large part of the flows of the deeper wells of the imme- 
diate valley of the Mississippi as far south as Davenport. West 
of the Mississippi it has seldom been necessary to drill to these 
horizons. No water was reported in these sandstones at Cedar 
Rapids and Anamosa, although this fact does not make it cer- 
tain that none was found. At Boone these sandstones supply 
the major portion of the flow. With increasing depth to the 
west and southwest they become less and less pervious as their 
pore spaces are increasingly filled with cements, and the water 
which they contain becomes more and more highly mineralized. 

Springs.—These sandstones outcrop so slightly as to produce 
few springs. The high artesian pressure, however, supplies 
water for a goodly number which flow from joints in the over- 
lying Saint Lawrence formation. 

WATER IN THE SAINT LAWRENCE FORMATION. 

The shales and, as a rule, the caleareous beds of the Saint 

Lawrence formation are dry. At Waterloo, however, the latter 


1Hall, C. W., and others, Geology and water resources of southern Minnesota; 
Water-Supply Paper U. S. Geol. Survey No. 256, 1911, pp. 48, 
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are said to yield water. In general, the impermeable beds of 
this terrane serve to separate the water of the Dresbach and 
underlying sandstones from that of the Jordan sandstone, allow- 
ing each to maintain its individual characteristics. 

As stated above, many springs originating in the Dresbach 
and underlying sandstones find exit through the shales of the 
Saint Lawrence formation. 


WATER IN THE JORDAN SANDSTONE. 


Wells——The Jordan sandstone is one of the chief, if not the 
chief, of the aquifers of the Iowa artesian system. It is re- 
ported as a water bed at Dubuque, Clinton, Davenport, Waver- 
ly, Waterloo, Vinton, West Liberty, Ames, and Ottumwa. It 
no doubt furnishes large yields in many other wells whose water 
horizons are not recorded. The rather coarse, smooth, well- 
rounded uncemented grains of quartz afford large pore spaces 
which permit the ready percolation of artesian water, and the 
absence of soluble constituents leaves the water with compara- 
tively low mineral content. At few places have any accurate 
tests been made of the capacity of the Jordan as compared with 
that of other water beds. At Ames the ability of the Jordan 
to contribute to the general supply was found to be nearly four 
times that of the New Richmond and fifteen times that of the 
Saint Peter.’ 

In the valleys of the main rivers and their tributaries where 
the Jordan outcrops it supplies many ordinary wells, some of 
which give constant flows, but the head is not strong because 
of the leakage through the many outcrops along the valley walls. 
The formation is tapped by many upland wells in the northern 
and eastern portion of Allamakee county, but the head is so low 
that the wells are commonly continued down into the Dresbach 
or underlying sandstones, where no better water is found but 
where a stronger head is obtained, owing to the presence of the 
overlying shaly limestones of the Saint Lawrence formation, 
which prevent the upward dispersal of its artesian waters, and 
the very small area of outcrop from which leakage in the form 
of springs may occur. Farther from the numerous outcrops 
the head of the Jordan rises, and many wells in the northeastern 


1Beyer, S. W., Iowa Agricultural College water supply, 1897, p. 11. 
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portions of Winneshiek and Clayton counties pass through the 
Oneota limestone to procure the excellent water of the Jordan. 

Springs—Springs are very’ numerous in the Jordan sand- 
stone owing to the large pore \space between its grains and the 
lack of interstitial filling. Many flow freely from the rock where 
it overlies the limestone of the Saint Lawrence formation and 
from above the scattered shaly or limy bands. 

Wherever the Jordan outcrops on the valley walls its waters 
drain away freely in seeps and springs, and wherever its con- 
tact with the underlying shaly limestones of the Saint Lawrence 
is exposed the water collected over this impervious floor flows 
out, frequently in powerful streams. 


WATER IN THE ORDOVICIAN SYSTEM. 


PRAIRIE DU CHIEN STAGE, 


Wells.—The Prairie du Chien stage is one of the most im- 
portant of the aquifers of Iowa. Underground waters have no 
doubt opened passages along joint and bedding planes through 
their solvent action on the limestone. The sandy intercalated 
layers, although neither thick nor persistent, offer easy paths 
for ground water, and communicating as they must with the 
channels of solution, form water beds which the drill seldom 
fails to tap. The New Richmond sandstone especially 1s a water 
earrier and adds materially to the supply at Dubuque, Water- 
loo, Vinton, Grinnell, West Liberty, Ames, and Des Moines. a 
still larger number of wells find water.in the lower limestone, 
the Oneota dolomite, these being so far as reported, the deep 
wells at Waterloo, Clinton, Sumner, Anamosa, Cedar Rapids, 
Homestead, West Liberty, Ottumwa, Des Moines, and Center- 
ville. A few wells, such as those at Waverly, Waterloo, and 
Grinnell, are reported to obtain water from the Shakopee dole- 
mite, and as this formation has many sandy layers the number 
of wells which receive accessions to their supply from this 
source is probably larger than the records show. 

The Prairie du Chien in many places seems to offer no im- 
pervious floor to the Saint Peter, and there appears no reason 
why the waters of the two should not in general freely mingle; 
some wells, however, have found shaly beds which lie between 
the two terranes and locally keep their waters separate. 
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Sprmgs.—Owing to its many open joints and bedding planes 
and even large solution caverns, the Oneota produces many large 
springs. The strongest of these are near the base, where its 
openings permit the escape of artesian water from the Jordan 
sandstone. From this horizon flow many of the powerful spring's 
of the Mississippi and Oneota valleys in Allamakee county. 

The New Richmond sandstone gives rise to many small flows 
and much seepage along its contact with the underlying Oneota. 

WATER IN THE SAINT PETER SANDSTONE. 


Wells.—The Saint Peter is easily distinguished by drillers and 
is perhaps the best known of Iowa’s geologic formations. It 
never fails to yield some water and in many places yields abun- 
dantly. The head of the water differs from that in overlying 
terranes, so that the inflow of water into the tube at this horizon 
is readily marked, whereas lower flows, with about the same 
head as that of the Saint Peter, may either escape the observa- 
tion of the driller or be thought not worthy of record. The 
list of wells which are reported as drawing water from the Saint 
Peter is too long for mention, including as it does a large num- 

ber of the deep wells of the state. 

_ The pore spaces of the Saint Peter are large, owing to its 
‘“millet-seed’’ structure, and the moderately large, well-rounded 
grains, fairly uniform in size, do not pack so closely as do sand- 
stone grains more diverse in size and in shape. The pore spaces 
are unfilled. No clay was laid down along with the quartz 
grains on the ancient sea floor. Since the uplift of the forma- 
tion ground water has seeped freely through it, and, if inter- 
stitial deposits were ever made by mechanical or chemical 
processes, they have long been dissolved and washed away. The 
smoothness of the grains brings the friction of water in trans- 
mission to a minimum. For all these reasons the capacity of 
the Saint Peter for storage and transmission of water must 
equal that of a bed of ordinary incoherent sand. 

On account of the well-nigh complete absence of soluble ma- 
terials in both the constituent grains and the interstitial cements 
of the Saint Peter, the water seeping through it has little oppor- 
tunity to take minerals into solution, and it therefore remains 


ef exceptional purity for long distances from its sources. 
8 


114 UNDERGROUND WATER RESOURCES OF IOWA 


The Saint Peter is within reach of farm wells in all of Clayton 
county, the southern and western portions of Allamakee county, 
the northern and eastern portions of Winneshiek county, and 
the eastern portion of Dubuque county. (See PI. I, in pocket.) 
Throughout this area one of its striking characteristics is its low 
head in comparison with overlying terranes, especially near the 
area of outcrop. Wells sunk through overlying strata with a 
high head of little water immediately lose 100 or 200 feet of 
this head on penetrating the Saint Peter but find at the same 
time an abundance of water. The reason may be found in the 
freedom with which water flows through this very permeable 
rock both to outcrop and to well holes giving a constant supply 
but little pressure; whereas in the overlying rocks with small 
storage and transmission capacity the pressure is relieved and 
the water is drawn away immediately on pumping. 

Springs.—The massiveness and the lack of stratification 
planes and crevices are not favorable to the gathering of the 
abundant water of the Saint Peter into definite channels and 
its discharge in copious springs. Nevertheless small springs 
from it are common and seepage universal, and it is an important 
contributor to the flow of all streams over its area of outcrop. 


WATER IN THE PLATTEVILLE LIMESTONE AND DECORAH SHALE. 


The shale of the Platteville limestone and the Decorah shale 
vield no water and in many borings must be cased to prevent 
eaving. They serve an important office in maintaining the head 
‘of the waters of the Saint Peter sandstone, whose upward leak- 
age they prevent, and also in separating them from the waters 
of the Galena dolomite. 


WATER IN THE GALENA DOLOMITE. 


Wells—Sealed between two shales, either the Decorah shale 
or the shales of the Platteville limestone below and the Maquo- 
keta shale above, the Galena forms a water bed of no little value. 
Where dolomitized and nonargillaceous, it is porous, not indeed 
sufficiently to permit free percolation but enough to give 
rise to incipient waterways along joints, bedding planes, 
and specially porous layers, and these have developed by 
solution into definite channels capable of a large yield to wells. 
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Though no assurance can be given that the drill will strike 
one of these channels, it has done so in a good many of the 
Iowa wells, as at Clinton, Davenport, Fort Madison, Sumner, 
Osage, Mason City, Hampton, Webster City, Holstein, Grin- 
nell and Pella. At Davenport the Galena water is so nearly 
identical with that of the Saint Peter in quality and head 
that a rise of the latter through the crevices of the Galena is 
strongly suggested. The yield from the Galena and Platteville 
is in some places abundant, amounting in some of the wells in 
Davenport and Rock Island to 300 or 400 gallons a minute. At 
Mason City the entire city supply is drawn from these forma- 
tions. : 

In shallow wells the Galena affords excellent water through- 
out its area of outcrop. Its base at least is saturated, and south- 
ward and westward, where it dips under the Maquoketa shale, 
it continues water-logged. Thus it remains the chief source of 
farm wells in large areas of Winneshiek, Clayton and Dubuque 
counties, where wells penetrate the Maquoketa shale and are 
drilled to depths of 300 to 400 feet to reach it. The waters are 
hard, from limestone dissolved in passage, and may be in places 
contaminated by surface drainage, through the numerous sink 
holes opening into fissures which everywhere traverse the rock. 
The freedom of circulation and the potency of the Galena wa- 
ters to carry materials in solution for long distances is shown 
in the deposits of lead and zinc*ores which are found in 
abundance in the old crevices, fissures, and eaverns of the 
Galena about Dubuque. In West Dubuque there is an area 
so cut up by labyrinthine passages underground and so 
full of water that it is known as the McPoland Pond. On one 
occasion a small skiff was taken down a shaft and used in ex- 
ploring this ground. 

Springs.—The springs issuing from the Galena dolomite are 
among the most copious in the state. This is a direct result 
of the many channels, some cavernous in size, that have been 
opened by solution along bedding planes and intersecting joints. 
The chief horizon is that at the base.of the formation, im- 
mediately above the impervious Decorah shale. Over the wide 
areas where the Galena is the country rock, large numbers of 
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sink holes pit the surface and lead the storm waters directly 
into the fissures and thus furnish a ready supply of water. In 
some places storm waters are led so directly to a near-by valley 
that they form a large part of the supply of some spring, which 
readily responds to every rainfall by showing a proportional 
increase in volume and turbidity. Such springs, however, 
should be avoided, as they are very liable to polution by organic 
impurities washed into the sink holes with the water. 


WATER IN THE MAQUOKETA SHALE. 


Wells —The thick impervious clay shale known as the Ma- 
quoketa shale not only prevents the rise of Cambrian ‘and 
Ordovician artesian waters into higher terranes but also forms 
an impermeable floor for the Niagaran waters above it. In this 
respect it is of especial value over the large area of Niagaran 
outerop in eastern Iowa, where, by preventing the downward 
leakage, it causes the water of the Niagaran to accumulate suf- 
ficiently for the supply of small towns and villages. The dolo- 
mites of the Middle Maquoketa, which occur in a few counties 
of northeastern Iowa, are water bearing, as was found in the 
deep wells at Sumner and Green Island. | 

Springs.—Although springs from the contact of the Maquo- 
keta and the overlying Niagaran derive their water from the 
latter, their value inures almost entirely to the Maquoketa 
areas. They are of greatest importance in Clayton, Dubuque 
and Jackson counties, where they supply many perennial 
streams with water, such, for instance, as Little Maquoketa 
river, which never ceases to bear its contribution to the Missis- 
sippi just north of Dubuque, whereas its neighbor, Catfish creek, 
which parallels it immediately to the south but is not spring fed, 
responds to every drought. Two miles north of Strawberry 
Point a mill is operated by a turbine wheel run by a strong 
stream piped from a spring of this horizon to the wheel pit. 

SPRINGS FROM CAMBRIAN AND ORDOVICIAN ROCKS. 

The area over which Cambrian and Ordovician strata form 
the country rock is especially noted for its springs. No other 
part of Iowa is so well supplied, and perhaps in all the other 
provinces of the state taken together there will not be found so 
large a number of strong streams of pure water flowing from the 
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bedrock as are found here. The conditions which are so favor- 
able to spring formation in this area are these: (1) Several 
heavy, porous beds of sandstone and creviced limestone with 
large capacity for both storage and transmission of water; (2) 
beds of impervious clay and shale which check the downward 
movement of the ground water, causing it to collect in large 
quantities; (3) many deeply carved valleys and innumerable 
ravines, the bottoms of which are well below ground-water 
level; (4) a slight dip, which facilitates the movement of the 
water along the surface of the impervious layers to the outcrops 
on the sides of the valleys; since this dip is to the southwest, 
springs are commonly found on the north and east sides of the 
valleys; (5) an ample rainfall (over 30 inches annually); and 
(6) the exposure of the porous beds over a relatively flat sur- 
face unsealed by drift, thus permitting them to absorb the rain- 
fall. ) 

The chief spring horizons in the Cambrian and Ordovician, 
named from oldest to youngest, are the contacts of the Dres- 
bach and Saint Lawrence, the Saint Lawrence and Jordan, the 
Jordan and Oneota, the Oneota and New Richmond, the Shako- 
pee and Saint Peter, the Decorah and Galena, and the Niagaran 
and Maquoketa. All except the first and third are contacts be- 
tween heavy porous sands or creviced limestone and underlying 
impervious shales. The two exceptions, the Dresbach-Saint 
Lawrence and the Jordan-Oneota contacts, occur at the base 
of heavy limestones that overlie sandstone aquifers, the waters 
of which are under artesian pressure, the lower beds. not out- 
cropping. The open joints of the limestone connect with the 
porous sandstone over large areas and admit the waters from 
below, and they flow out through crevices in copious and at times 
even powerful streams. Owing to the fact that many of the 
springs emerge through talus and washed soil at the foot of 
the bluffs and on the valley sides, it may be impossible to de- 
termine the formation from which they come. Again, many 
springs, some very strong, come from local beds lying above 
shaly layers in the heavy aquifers. Many are, however, readily 
identified. 
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The economic value of these springs to the residents of the 
fertile valleys of northeastern Iowa can hardly be estimated. 
The water power of the many small springs which in many 
places issue a hundred feet above the base of the bluffs and 
fall in cascades has been but slightly utilized. Here and there, 
however, a mill is operated, and at some of the many farm- 
houses whose location has been determined by the presence of — 
a spring the stream is so piped as to generate power for sepa- 
rating the cream, churning the butter, and driving small labor- 
saving machinery about the farm. In a few places, too, a por- 
tion of the power of the flowing water is utilized in a ram to 
drive another portion into a system of waterworks for home 
and farm. The possibilities in these lines have as yet been but 
slightly developed, but even in its simplest use, where the pure, 
clear, cold stream flows through the tanks of the spring house, 
giving the most wholesome kind of water for home use, passes 
through the simple refrigerator, cooling the milk and preserv- 
ing the butter, and then flows through the barnyards and pas- 
ture, supplying the stock with water that is cool in summer 
and warm in winter, its value in health and comfort is difficult 
to estimate in dollars and cents. 

Because of the large number and the great size of the 
springs of the area of outcrop of the Cambrian and Ordovician 
rocks in the northeastern counties of the state, the streams of 
this area are exceptional in the constancy of their flow and 
the purity of their waters. 


QUALITY OF THE CAMBRIAN AND ORDOVICIAN WATERS. 


The four great sandstone layers of the Cambrian and Ordovi- 
clan may be discussed together, since there is generally no essen- 
tial difference in the quality of their waters. These layers are the 
water bearers for all the deeper wells in the northeast part of 
the state within the area of good water, so often mentioned, ex- 
tending south and west to about the line of the Mississippian. 
With the exception of the very deep park well at McGregor all 
deep-well waters within this area have low solids, rarely ex- 
ceeding 500 parts and averaging about 400 parts per million. 
In this part of the state there are no formations later than the 
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Devonian, and in a considerable portion of it rocks of the Cam- 
brian and the Ordovician underlie the drift. Except perhaps 
in the drift there are no objectionable waters to be cased out or 
to contaminate the waters in the sandstones below. 


Some examples may be given to illustrate the fact that the 
waters are about the same whether from the Saint Peter or 
from lower strata. 

On page 168 are given analyses of seven deep waters in Alla- 
makee county, six of which are supposed to be derived from the 
Dresbach or underlying Cambrian sandstones, and one at Post- 
ville from the Saint Peter. The six have about the same total 
solids and their average solids are about the same as those 
of the water from the Postville well. In Clayton county the 
1,006-foot well at McGregor is exceptionally deep and reaches 
salt water. A much shallower well at the same place also shows 
the influence of the salt. Six other wells in Clayton county 
(p. 169) show about the same amount of solids, though their 
depths are greatly different, and their footings are believed 
to range from the Dresbach or underlying Cambrian sand- 
stones to the Galena. In Cerro Gordo county six analyses of 
well waters show about the same total solids, though two of 
the wells are supposed to draw from the Saint Peter, three 
from the Galena, and one from the Devonian (p. 172). The 
wells are cased only to rock. No inference can safely be drawn 
from the analyses of water from the 1,473-foot well as to the 
character of the water below the Saint Peter at this point, as 
it is doubtful whether the sample of water was collected while 
the well was in active use. The analysis of water from the 
well at Hampton shows that the softness of the waters from the 
lower sandstones is preserved as far south and west as Frank- 
lin county. This well is cased only 200 feet, foots in the Jordan, 
and may draw water from all strata from the Jordan to the 
Mississippian. 

The water of the Saint Peter is soft as far west as Emmets- 
burg, for the well at that place owned by the Chicago, Milwaukee 
& St. Paul Railway foots in the Saint Peter and gives excellent 
water. In the same county two shallower wells in the Dakota 
sandstone give hard water. «The low solids in the well at Em- 
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metsburg may be ascribed to the successful casing out of a strong 
flow of hard water from the Dakota sandstone which probably 
finds access to the deep well at Mallard, also footing in the Saint 
Peter. Successful casing to preserve from contamination the 
waters of the Saint Peter or lower strata has not been accom- 
plished so far as known in wells located where the surface rock 
is later than the Mississippian. Owing to the similarity of the 
waters of the lower sandstones one might be inclined to infer 
that the waters of these strata mingle, and this may be true. 
Numerous wells, however, reaching higher levels show, as at 
Grinnell and Emmetsburg, that strata not far removed from 
one another in geologic succession may contain very different 


waters. 
WATER IN THE SILURIAN SYSTEM. 


NIAGARAN DOLOMITE, 


Wells—The Niagaran dolomite, like the Galena dolomite, is 
traversed by irregular channels of solution through which water 
flows with considerable freedom, and includes porous beds 
through which it seeps with some difficulty. The ground water 
which the formation receives over its outcrop area is held within 
it by the impervious Maquoketa shale beneath and passing down 
the dip acquires artesian pressure and feeds wells as far distant 
as Burlington, Keokuk, Centerville and Des Moines. 

The Silurian sandstones in southeastern Iowa largely increase 
its water resources, and these are drawn upon freely at Wash- 
ington, at Centerville and probably at Ottumwa. 

Throughout its area the Niagaran is the almost exclusive 
source of supply for shallow rock wells, as it ranges from 200 to 
400 feet in thickness and overlies the Maquoketa, a bed of im- 
pervious shale whose thickness is more than 100 feet. To the 
south and west, where the Devonian is the country rock, the 
Niagaran is the source of many wells, for the overlying Devonian 
limestones feather out eastward. 

The Niagaran transmits water very freely, not only through 
many small cavities, but especially through a large number of 
joints, cracks, bedding planes, and open crevices formed by 
solution in the soluble rock, through which an active circulation 
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obtains. In number and size, however, the open cavities are 
small compared with those of the Galena. 

The water absorbed over the large intake area of this forma- 
tion is held by the impervious shale beneath from passing down- 
ward, so that at least the base of the limestone is water-logged 
and the contact with the shale forms a strong well and spring 
horizon. 


The margin along the bold eastern escarpment is so well 
drained that in many places it is difficult to secure good wells. 
Farther back the ground-water level rises until along the margin 
of the overlying Devonian the formation is almost entirely sat- 
urated and wells obtain an abundance of water soon after pene- 
trating it. Though rarely dry at the base, it is subject to the 
disadvantage common to other limestones—the possibility that 
the drill may go a long distance, even through the formation to 
the shale, without striking one of the crevices or water passages. 
Perhaps the most constant water-bearing bed of the formation is 
an especially porous, granular stratum lying some distance above 
the base. 

The Niagaran is commonly saturated immediately below the 
drift and it is from this part of the formation that many of the 
large farm-stock wells of its country-rock area draw their sup- 
ply. The upper portion of the rock is very generally broken and 
shattered by the-glacial ice and the fragments are mingled with 
the old residual soil and with gravels deposited by waters flowing 
out in front of the advancing ice. The whole makes a good wa- 
terway and a remarkably strong source for wells. The water is 
perhaps more truly that of the drift than that of the rock. but 
all drilled wells which draw from it should have casings driven 
into the rock and should draw from the many crevices therein. 

The water from the Niagaran is usually copious enough for the 
public supply of towns of 1,000 or 2,000 population or for minor 
industrial purposes, though in some places it may be unsatis- 
factory as a boiler water on account of its hardness. Unless it is 
desired to seek the deep artesian supplies it is not advisable to 
attempt to drill below the base of the Niagaran, as the Maquo- 
keta shale is dry. If the shale is reached without the drill hav- 
ing found a water crevice and it is decided not to penetrate the 
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artesian aquifers an attempt may be made to open the drill hole 
to a water-bearing crevice by torpedoing the well with nitro- 
glycerin. This, however, should be done only after it is fully 
decided to abandon the hole if water is not found in this way, 
as drilling can not be resumed after the shooting. The drill hole 
should be filled up to the base of the Niagaran, and the shot fired 
on top of this filling. If this course fails it will be necessary to 
try a new hole. 

Springs.—Springs are very numerous along the base of the 
Niagaran escarpment and in the heads of the narrow ravines 
which deeply notch it all the way from the headwaters of Tur- 
key river in Winneshiek county along the bluffs overlooking 
Volga river and those facing the Mississippi river as far south 
as Clinton. Owing to the numerous thin shaly layers inter- 
bedded with the limestone, springs are abundant well up within 
the formation. Many are found in Delaware county along Ma- 
quoketa river and all its tributaries, which have cut their chan- 
nels well into the limestone. Among the most notable are the 
group about the ‘‘Backbone,’’ in Richland township, and the 
many that supply Spring creek, in Delaware and Milo town- 
ships. The purity and abundance of the waters poured into 
Spring creek are attested by the location here of a large Gov- 
ernment fish hatchery controlled by the United States Bureau 
of Fisheries. 


QUALITY OF SILURIAN WATERS. 


A number of wells of very moderate depth foot in the Silurian 
where it is overlain only by the drift or by the Devonian and 
the drift. Examples are wells at Covington, Mount Vernon and 
Lisbon, in Linn county; Morley and Onslow, in Jones county, 
and Grand Mound, in Clinton county. All except the Covington 
well have lightly mineralized waters, and that well contains only 
about 700 parts per million. All other wells footing in the 
Silurian are deep, such as Mrs. Huber’s at Tama and the city 
wells at Farmington, Centerville, and Bedford. They penetrate 
water-bearing strata above the Silurian, which are probably 
not cased out, and their waters can give little indication as to 
the real character of the Silurian water at those places. 
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WATER IN THE SALINA (?) FORMATION. 


The Silurian beds which are tentatively regarded as repre- 
senting the Salina formation are, wherever found, distinctly de- 
leterious to underground waters owing to their content of lime- 
sulphate minerals. The presence of sulphate in the form of 
anhydrite indicates that it has been hermetically sealed from all 
underground waters since its deposition and can increase their 
mineralization only when new channels are opened by the drill. 
But the high content of lime sulphate in deep-well waters when 
these strata are penetrated indicates that much of the gypsum 
lies in the path of artesian waters. The analyses of the water 
of the deep city well at Pella show that it contains 4,678 parts 
per million of SO, and 444 parts per million of calcium 
and is entirely unfitted for municipal supply. At Nevada the 
very heavily sulphated water suggests that the Silurian here, 
as at Marshalltown, twenty-eight miles east, is gypsiferous, al- 
though this can not be proved as no samples were preserved. 
At Mount Pleasant any seleniferous waters from the well- 
marked gypsum beds were successfully cased out from the later 
wells drilled at the State Hospital for the Insane. At Grinnell 
the first well drilled for the city showed an abnormally high lime- 
sulphate content, but with better casing the quality of the waters 
of the later wells was very much improved. At Glenwood the 
water veins occur above the gypseous beds, which are apparently 
dry, as the water contains little calcium sulphate. At Bedford 
the waters from the supposed Salina horizon showed an enor- 
mous increase in lime sulphate and were pronounced unfit for 
city supply. The presence of these strata in southern Iowa 
constitutes a distinct discouragement to artesian drilling in that 
part of the state, though otherwise the Silurian might prove 
valuable, for it is much more accessible than the Cambrian and 
Ordovician beds. 


WATER IN THE DEVONIAN SYSTEM. 
ARTESIAN CONDITIONS. 


Wells.—The Devonian rocks can not be classed among the 
important water beds of Iowa, although they contribute some- 
what to the general deep-well supply in several places, as at Vin- 
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ton, Cedar Rapids, Davenport, Webster City and Ottumwa. In 
many places they yield sufficient water for hotel and small fac- 
tory wells, but they can not be relied on to furnish public sup- 
plies. In deep wells the Devonian waters should be cased out 
because their head is lower than that of the Cambrian and 
Ordovician artesian waters, which will otherwise leak out 
through the channels opened by solution in the Devonian lime- 
stones. 


In the southern portion of the Devonian area large fissures and 
crevices exist in many of the heavier layers. Though the lime- 
stone itself is compact and impervious, the drill usually reaches 
some one at least of the many openings which bring the well into 
communication with the entire system of circulation and supply 
it with fresh water at a rapid rate not affected by any drought. 


Throughout the larger northern portion of the Devonian area 
the overlying drift is generally thin, and very many of the 
best wells end in the lime rock. Plenty of water of the best 
quality may be obtained by going a short distance into the 
rock for it, and a driller should not stop before limestone is 
reached unless the supply coming from the drift is satisfactory 
in every respect. The rock water of the whole area is under 
some degree of artesian pressure and rises within easy pumping 
distance. The expense of pumping and maintenance is slight, 
and more persons are resorting to it for a pure and permanent 
supply. 

Springs.—The Devonian area is so heavily mantled with drift 
that springs from the country rock are of little importance. 
They are not uncommon in the rock-eut valleys in the limestone, 
but are rarely utilized except for watering stock in the pastures 
that occupy most of the valley land. For such purposes some of 
them have been walled and piped out to a tank, but even this 
care is seldom exercised. Probably the strongest springs of this 
region are found in Howard and Winneshiek counties, where, 
owing to the absence of the Niagaran, the Devonian limestones 
overlap on the Maquoketa shale (p. 88), giving vent to 
many good streams that feed the headwaters of Oneota and Tur- 
key rivers. 
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A spring from the Devonian which is worthy of special men- 
tion is that from which the public water supply of Cedar 
Falls was until recently derived. It is located just south of the 
city in the valley of Dry Run, a small intermittent tributary of 
Cedar river. It flows perennially from one of the open channels 
in the rock common to the Devonian in this region, and was suf- 
ficient to meet all the demands of the city, with a waste of many 
times the amount used. Marion is another city similarly sup- 
plied by a spring from the Devonian. Water from springs from 
the Devonian is sold to customers in Cedar Rapids. 


QUALITY OF DEVONIAN WATERS. 


Perhaps the best evidence of the good quality of the Devonian 
water is the fact that many wells located where the Devonian 
immediately underlies the drift and deriving their main supplies 
from lower strata do not require casings to shut out the hard 
water of the Devonian. In fact, the Devonian water, as separate- 
ly known, differs very little from the waters of the deep-lying 
sandstones (p. 118). Several wells footing in the Devonian, as at 
Jesup, Lake Mills, and Hanlanton, supply water of good qual- 
ity. They are, however, shallow and probably reach only short 
distances into the Devonian and may derive their waters largely 
from the drift. Farther south wells in the Devonian yield hard 
waters, as at Gowrie, Grundy Center and Burlington. At all 
these places the Devonian is deeply overlain by later formations, 
which may supply the major portion of the hard waters. This 
source is directly indicated for the city well at Gowrie by the 
fact that it supplies essentially the same quality of water as the. 
well at Dayton, which is located only a few miles south and foots 
in the Mississippian. It is not certain that the well at Grundy 
Center reaches below the Mississippian. Regarding the water. 
from the Devonian, therefore, it may be said, as of the water 
from the Silurian, that there is little or no evidence to show that: 
it is essentially more heavily mineralized than that of the great: 
sandstone layers of the Cambrian and Ordovician. 
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WATER IN THE CARBONIFEROUS SYSTEM. 


MISSISSIPPIAN SERIES. 
GENERAL CONDITIONS, 


The limestones of the different formations of the Mississippian 
series no doubt absorb large quantities of ground water along 
their wide belts of outcrop and carry these beneath the cover of 
the Coal Measures as they sink toward the west. Thus, confined 
between thick beds of shale, the water is under artesian pres- 
sure sufficient in places to bring it to the surface. The 
flow, however, is meager, and, as with all limestones, is not re- 
liable. The drill may strike or it may fail to strike the water 
channels. The white limestones of the Burlington, the lower 
formation of the Osage stage, seem to yield the greatest quan- 
tity of water. The only deep wells which report definite water 
beds in the Mississippian are at Cherokee, Ottumwa, Mount ~ 
Pleasant, Mitchellville, Des Moines, Bedford, Council Bluffs and 
Logan. The two cities last named are situated in an area where 
the Mississippian yields an exceptionally abundant supply. 


WATER IN THE KINDERHOOK STAGE, 


Over the entire north end of the area in which the Missis- 
sippian series forms the country rock the Kinderhook is a fine- 
grained, heavy-bedded limestone, an excellent water carrier in 
which all rock wells end and in which they rarely, if ever, fail 
to secure a large quantity of excellent hard water under suffi- 
cient artesian pressure to place it within easy pumping dis- 
tance of the surface. In some counties, as Kossuth, Humboldt 
and Wright the artesian head in the Kinderhook is so well de- 
veloped beneath the impervious clay of the drift that many of 
the wells flow. The shale beds of the Kinderhook, so 
unpromising for wells along their outcrop, are of distinct ad- 
vantage, as they sink below the surface and form part of an 
artesian system. They prevent the upward escape of waters 
from the underlying strata and conduct down their dip the wa- 
ters of the limestones of the Mississippian along their im- 
permeable floor. 


GEOLOGIC OCCURRENCE OF UNDERGROUND WATER 127 


WATER IN THE OSAGE STAGE. 


Wells.—The drill on penetrating the Osage stage (Keokuk and 
Burlington limestones) rarely fails to find water in some crevice, 
especially near the base, before reaching the dry shales of the 
‘Kinderhook. Should the driller reach the latter he has the al- 
ternative already presented in the discussion of the Niagaran- 
Maquoketa contact (p. 121). He may continue to drill in search 
of the deep artesian supplies, though this is impracticable for 
the ordinary farm or village well, or he may make another bor- — 
ing some distance away in the hope of better success in strik- 
ing some crevice in the limestone. Before beginning a new bor- 
ing it is advisable to fill the hole to the base of the limestone 
and shoot the well with nitroglycerin in an attempt to so shat- 
ter the rock that connection may be made with water-bearing 
crevices and to enlarge the area of intake. Excellent wells have 
been secured from practically dry holes in the Osage by such 
means. 

Springs.—Springs are not uncommon throughout the Missis- 
sippian area where the valleys have been cut into the country 
rock. They are commonly small and are unimportant except 
for watering stock in the valley pastures. The most important 
in southeastern Iowa come from the base of the Burlington lime- 
stone, of the Osage stage, where the ampervious shales of the 
underlying Kinderhook check the downward movement of the 
circulating water and cause it to collect in large quantities in the 
open spaces in the limestone, whence it flows through some pas- 
sage to an outcrop. Such springs are common along the base 
of the Mississippi bluffs in Des Moines and Lee counties and on 
the lower course of Skunk river, and are of still greater impor- 
tance farther south in the vicinity of Louisiana, Missouri. These 
springs are frequently used for household and stock purposes. 

WATER IN THE SAINT LOUIS LIMESTONE. 


The median bed of the Saint Louis limestone is an im- 
portant water carrier in Keokuk, Washington, Henry and Lee 
counties, where it forms the country rock, and in Monroe, Ma- 
haska, Wapello, Jefferson and Van Buren counties, where it is 
reached by the drill after passing through Pennsylvanian rocks 
at depths ranging from 200 to 500 feet. It is penetrated in 
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many places in the Pennsylvanian areas on account of the dry- 
ness of the Coal Measures or the mineralized condition of their 
waters. It is in this area that it is known as the ‘‘white-water 
sand rock’’ and is sought for by all drillers of deep farm wells 
when a satisfactory sandstone water is not found above. Farther 
north it is drawn on by a few wells in Hamilton, Webster and 
Story counties. Locally it produces flowing wells. The upper 
and lower portions of the Saint Louis are, on the whole, very 
indifferent water carriers. 


WATER IN THE PENNSYLVANIAN SERIES. 
DES MOINES STAGE. 


Wells —Owing to the presence of impermeable shales the 
Pennsylvanian is almost dry. Water is commonly found in the 
seams of coal but, owing to the abundance of iron and sulphur 
compounds it carries in solution, is never potable. In fact, it is | 
characteristic of the waters of this division that they are strong- 
ly impregnated with mineral matter and in most places are un- 
fit for use. 

The chief water bed of the Des Moines stage is the basal sand- 
stone, which has its greatest development in southwestern Iowa. 
At Council Bluffs it is apparently this terrane which supplies the 
deep wells of the city, butythe yield of these wells is by no means 
large compared with that of wells tapping Cambrian and Ordo- 
vician water-bearing beds in eastern Iowa. At Glenwood water 
from this sandstone rises to a height of 1,006 feet above sea 
level and overflows at the surface in the lowest parts of the 
town, but the yield is not large. At Bedford the water from 
the same terrane rises to 1,008 feet above sea level. On the 
whole, it can not be recommended that deep wells be sunk to 
this sandstone with the expectation of obtaining any consider- 
able amount of water, such as would be required by even a 
small town. 

Small amounts of water may also be found in the sandstone 
lenses of the Des Moines and Missouri stages, but as these lenses 
are not continuous over any considerable area, and as their ver- 
tical position can not be predicted, no local forecasts can be 
based on them. They give rise to numerous small flowing wells. 
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One of the best known lenses of this type is the Red Rock sand- 
stone, which outcrops at the village of Red Rock, in Marion 
county, in a brilliant red cliff 100 feet in height overlooking Des 
Moines river. This sandstone occupies less than thirty square 
miles, but within this area it lies near the surface and furnishes 
an abundance of good water to all wells penetrating it. It is, 
however, missed in many wells where it might be reasonably 
expected, owing to the effects of erosion, which is in part, 
at least, contemporaneous. 

The rapid alternation of impervious shales and porous sand- 
stones underlying heavy drift clays produces conditions favor- 
able to the formation of small artesian basins which frequently 
give rise to flowing wells. Especially in the larger and deeper 
valleys like the Des Moines and its major tributaries where the 
‘*bottoms’’ are depressed well below the upland surface, flowing 
wells with a head of but a few feet above the surface and a de- 
livery of but a few gallons a minute are not uncommon. Stronger 
flows may be had from the Saint Louis and the Kinderhook. The 
most notable wells of this type are the Colfax Mineral Springs 
of Jasper county. These are supplied by a Saint Louis aquifer. 

Springs.—Throughout the area where the Pennsylvanian 
forms the country rock, springs are of little importance. Seeps 
from shales are common but are small and highly mineralized. 
A few crevices in outcrops of sandstone lenses produce small 
springs of excellent water for domestic purposes, but these are 
rarely strong. 

WATER IN THE MISSOURI STAGE, 

Wells——In some places in the area where the Missouri stage 
forms the country rock a scant supply of hard water is found 
in the limestone below 100 to 300 feet of drift. The risk of a dry 
hole is probably greater than in any other area, since below 
the Missouri stage lies the very uncertain Des Moines stage, 
and rock wells in this area are therefore comparatively few. 
There are some excellent exceptions to these general conditions, 
but the wells of the region are chiefly in overlying drift. The 
beds of shale are invariably dry. The heavy limestones carry a 
secant supply of water between the shale beds and this is always 


hard. The overlying drift is very deep over much of the area, 
9 
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especially on the great Mississippi-Missouri divide, and com- 
paratively few wells reach bedrock. 

Cities and towns in the western portion of the province are 
largely located in the broad river valleys, where an abundance 
of water may be found at slight depths in the gravel. In the 
eastern part the interglacial gravels furnish water most copious- 
ly. There is little need to resort to the deeply buried rock save 
on the Great Divide itself, where in many places any ground 
water is hard to secure. 

Springs.—Small springs are common along the deeper val- 
leys at the contact of limestone and shale, but the only rock 
horizons of importance noted in the Missouri stage area lie 
along the ragged eastern edge, where the limestone rises almost 
in an escarpment and is thickly overlain with drift. Here in east- 
ern Madison and Clarke counties good stock springs are numer- 
ous. 

QUALITY OF CARBONIFEROUS WATERS. 


No general statement can be made as to the quality of the 
waters from the Carboniferous or any of its divisions, save that 
the quality seems to vary greatly from one locality to another. 
In a general way it may be stated that the waters of this sys- 
tem are usually more highly mineralized than those of lower 
ones, and that the mineral matter is greatest in the upper beds 
of the Carboniferous. A reason for the want of uniformity may 
possibly be found in the fact that no extensive sand layers or 
other strata with high power of transmission of water are found 
in the Carboniferous. It follows that the waters of this sys- 
tem are more local in origin; they are not transmitted from far- 
away sand plains, as in the lower sandstones, but are derived 
from the Iowa rainfall, perhaps from the immediate vicinity, and 
must pass through the drift, in some localities through hundreds 
of feet of it. There is thus every opportunity for the water to 
take up any soluble matter that may exist in the drift or im- 
mediately under it. 

In the area where the Mississippian is the surface rock all 
wells footing in this series supply soft to only moderately hard 
water, as far south as Grundy county. Even those in Hardin 
county, to the west of Grundy, give lightly mineralized waters, 
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though in Hardin county the Mississippian is overlain by the 
Pennsylvanian. Farther south, however, well waters from the 
Carboniferous are hard to very hard. Several good examples 
are found in Tama county. Their waters are not very different 
from those of the flowing drift wells of the Belle Plaine district, 
but the hardness of their waters can hardly be credited to the 
drift, since the mineral content seems to increase with the depth. 
Near Grinnell, in Poweshiek county, all the wells in the Carbonif- 
erous which have been investigated supply hard water contain- 
ing about 2,100 parts per million of total solids. There are other 
centers of hard water from this system in Jasper and Polk coun- 
ties. Wells footing in the Carboniferous in other parts of the state 
apparently always yield hard waters. It is apparent that with 
the exception of those in Tama county, wells footing in or pass- 
ing through the Pennsylvanian yield more highly mineralized 
waters than those which enter only the Mississippian, and it 
seems fair to conclude that the waters of the Upper Carbonifer- 


ous are, on the whole, harder than those of the Lower Carbonif- 
erous. 
WATER IN THE CRETACEOUS SYSTEM. 


DAKOTA SANDSTONE. 


Wells—The Dakota is everywhere a good water carrier, yield- 
ing copious and permanent supplies, but the water is commonly 
mineralized—as a rule highly mineralized. In the northwestern 
portion of the province the overlying drift is very deep and the 
sandstone water head, though under slight artesian pressure, is 
so far below the surface as to make pumping difficult. General 
difficulty throughout the northern end of the Dakota area is 
found in the very fine incoherent sand which enters the well, 
cements itself in the screens and wears out the pumps. In the 
central and southern portions, however, no such difficulties have 
been reported, and on the whole, the Cretaceous sandstone may 
be regarded as the best shalhow-rock water carrier in the west- 
ern part of the state. : 

Slight artesian pressure is common throughout the Cretaceous 
area and in the deeper valleys weak flowing wells are not un- 
common. 
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Springs.—Sand-rock water strata like the Dakota are pro- 
lific sources of seeps and springs wherever outcrops are found, 
but as there are few outcrops in the Cretaceous area, because of 
the deep drift, springs are correspondingly scarce. The most im- 
portant spring horizon is at the base of the sandstone formation 
where it overlies the shales of the Missouri stage. The contact is 
exposed in places in the deep valleys which trench the area in 
the southwest. It gives rise to strong springs in the vicinity of 
Lewis, in Cass county, and of Red Oak, in Montgomery county. 


QUALITY OF CRETACEOUS WATERS. 


Of the Cretaceous little need be said. Apparently all wells 
penetrating it deeply yield hard waters. A few wells in the 
northwestern part of the state which penetrate the Cretaceous 
for a few feet yield fairly good water, but this water is prob- 
ably from the drift. As a matter of fact, it has been stated and 
reiterated by those who have been over the ground that experi- 
ence does not encourage drilling deeply into the ‘rock in the 
northwestern part of the state. 

| WATERS OF THE QUATERNARY SYSTEM. 


The water-bearing beds in the Quaternary are numerous and 
their positions are extremely variable. Yet many localities have 
what the drillers recognize as ‘‘first water bed,’’ ‘‘second water 
bed,’’? and in some places even ‘‘third water bed,’’ above the 
country rock. These water beds may in some places be identi- 
fied by certain well-known sand or gravel beds in the drift, but 
they vary greatly with locality and in many places are either 
dry or wanting. 

The Quaternary water carriers most frequently recognized 
and reported are as follows, in order of age from the top down- 
ward: Alluvium, Wisconsin drift, loess (including subloessial 
sands), lowan drift, Lllinoian drift, Buchanan gravel, Kansan 
pan Aftonian gravel, Nebraskan drift, and preglacial residual 
soil. 

WATER IN PRE-KANSAN DEPOSITS. 
RESIDUAL SOILS. 

The residual soil, which occurs in the driftless area and which 
immediately overlies bedrock in the drift area, is not a good 
water bearer, but is drawn on in some places on the broad, flat 
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uplands as a source of shallow wells. The supply of water is 
scant and uncertain and is probably derived in part from the 
sandy base of the overlying loess. 

NEBRASKAN DRIFT. 


The Nebraskan (pre-Kansan) till is of no particular value as 
a water bed and the old soil and forest beds that accompany it 
render the waters offensive in some places. The sand and gravel 
layers, however, buried many feet beneath the surface of the 
ground, form very valuable aquifers, the water being under ar- 
tesian pressure beneath the relatively impervious till. 


AFTONIAN GRAVEL, 


The water of the Aftonian gravel is generally pure, whole- 
some and abundant. In some local areas the presence of decay- 
ing organic matter in the old soil and peat beds associated with 
the gravel imparts a disagreeable odor and taste to the water; 
in other areas, as in the Belle Plaine artesian basin, the water 
carries sulphates and other salts in solution in such quantities as 
to be unsuitable for either boiler or domestic use; such occur- 
rences, however, are exceptional. Wherever the gravel outcrops 
in the valleys, as in the vicinity of Afton, it gives rise to springs 
of no mean proportions. On the whole the Aftonian gravel is 
probably the strongest Pleistocene water bearer in the state. 


WATER IN THE KANSAN DRIFT. 


The great thickness of the Kansan drift over large areas nec- 
essitates its use for domestic and farm wells and it probably 
supplies more wells than any other water bed in the state, 
whether of the drift or of the country rock. The supply of many 
of the shallower wells comes from the sands at the base of the 
overlying loess and from the gravelly phase in the upper por- 
tion of the Kansan, but this supply is extremely uncertain in 
quantity and generally fails in dry weather. The deeper wells 
are supplied by the many small sandy lenses and layers and the 
‘‘veins’’ in small, more or less open tubular channels scattered 
through the heavy till. The deep-well water is of good quality, 
provided care is taken to prevent surface contamination, but it 
is variable in quantity. Though deep wells in the Kansan are 
not likely to be affected by drought, neighboring wells may differ 
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very greatly in yield. On the flat divides of the Kansan, where 
ground water stands high, dug wells are not uncommon, and 
these are constructed of so large a diameter that a large surface 
for seepage and an ample reservoir for storage are secured. 

Over the much more extensive area of the dissected Kansan 
dug wells have been superseded by drilled or bored wells, the 
greater depth more than compensating for the smaller diameter. 
The windmill or the gasoline engine forms part of the necessary 
equipment of every farm. 


WATER IN THE ILLINOIAN DRIFT. 


The Illinoian drift is penetrated by many wells but is not 
clearly distinguished from the Kansan, which it resembles in 
its water-bearing qualities. 


WATER IN THE BUCHANAN GRAVEL. 


Within the area of the Iowan drift the Buchanan gravel lies 
between the Iowan and Kansan drift sheets and forms a most 
valuable water carrier, supplying innumerable shallow wells 
and giving rise to numerous springs wherever it outcrops. Its 
greatest importance, however, is in the lowlands and in the old 
filled valleys. On the uplands it is thin and scattered. 

The Buchanan gravel has been of great importance in the de- 
velopment of manufacturing in the northeast quarter of the 
state. Owing, however, to its slight depth and its open texture 
its waters are easily polluted by organic matter from the gsur- 
face. They frequently have a slight taste and leave a brown 
stain due to compounds of iron in solution. 


WATER IN THE IOWAN DRIFT. 


Water occurs in the Iowan drift in small sandy layers and 
lenses and in the small ‘‘veins’’ of the till. From these it seeps 
into the wells slowly but constantly, supplying them with a mod- 
erate amount of hard water, which will be pure provided care 
is exercised to prevent the entrance of surface water and its ac- 
companying contamination. Owing to the thinness of the drift 
and the strength and purity of the country-rock aquifers below, 
rock wells are very commonly replacing wells in the Iowan drift. 
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WATER IN THE LOESS. 


The loess was formerly an important source of supply for 
farm wells throughout the state, but drainage and cultivation 
have so lowered the ground-water level as to greatly lessen its 
importance. The subloessial sands lying beneath the loess and 
over the till near the Iowan margin yield a somewhat more 
plentiful but very uncertain supply. Many shallow wells dug 
in sloughs and other moist places still utilize this source for 
stock water. Both the loess:and the subloessial sands are ex- 
tremely liable to contamination from surface waters, cesspools, 
etc., and should be avoided for domestic purposes, especially in 
towns or villages and in the neighborhood of barnyards on the 
farms. 


WATER IN THE WISCONSIN DRIFT. 


In the Wisconsin drift shallow wells are general, the supply 
being obtained, as in the other drifts, from sandy layers and 
‘‘veins’’ in the till, but they are especially liable to pollution 
owing to the prevalence of surface waters. The better drift 
wells go below the base of the Wisconsin and draw their supply 
from underlying beds of the loess or lower horizons. 


WATER IN ALLUVIUM. 


The sands and gravels of the alluvium yield an inexhaustible 
supply of good water at depths ranging from 15 to 100 feet. 
They may be reached throughout the ‘‘first bottoms’’ and in 
places on the ‘‘second bottoms’’ of the larger rivers and tribu- 
taries. Water is generally obtained at slight cost by means of 
open or driven wells and in larger quantities for city supplies 
through infiltration beds and collecting galleries. These deposits 
furnish the chief underground water supply for several large 
cities within the state. 

In towns and cities these alluvial waters are generally con- 
taminated from the surface or through cesspools. The public 
supply should always be taken at some point above the city and 
private wells should be closed. All such supplies, when used for 
drinking or domestic purposes, should be carefully tested and 
guarded. 
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UNDERGROUND-WATER PROVINCES OF THE QUATERNARY, 


The regional differences between the waters of the different 
drifts are not so characteristic as to form well-defined provinces. 
The limits of the several water-bearing strata are, however, de- 
termined by the limits of the drift sheets to which they belong or 
are related as interbedded deposits. These limits do not coincide 
with those of the districts into which the state has been divided 
and for specific consideration of drift waters it seems advisable 
to redivide it on the basis of drift sheets coextensive with the 
topographic areas already described (p. 49), and known as the 
Wisconsin, Iowan, Illinoian and Kansan drift provinces and as 
the driftless province. 


DRIFTLESS PROVINCE. 


In the driftless province water is obtained from the alluvium, 
the loess, and the residual soil. The loess and the residual soil 
supply shallow wells on the broad, flat uplands, but the yield of 
both is so scanty that most good wells are sunk to one of the 
numerous and excellent country rock horizons, which may there 
be reached at comparatively little expense. On the flat valley 
floors shallow wells draw an abundance of good water from the 
gravel and sands underlying the alluvium. Springs from the 
outcropping rocks of the valley sides are so numerous as to 
greatly decrease the number of wells necessary. 


KANSAN PROVINCE. 


In the Kansan drift province water may be obtained from the 
alluvium, the loess, the Kansan drift, the Aftonian gravel, and 
the Nebraskan drift. The great thickness of the Kansan drift 
and the presence of Pennsylvanian rocks immediately under- 
neath a large part of this area cause the Kansan drift to be 
one of the most fully utilized water beds of the state, even though 
its yield is scanty. Owing to the depth of the drift and the scanty 
yield, deep-bored wells are now becoming common, especially in 
the vicinity of the Mississippi-Missouri divide. Many wells in 
the southeastern district penetrate the Aftonian gravel and are 
abundantly supplied. The base of the drift, where this is suf- 
ficiently shallow to be reached by ordinary farm wells, is a fa- 
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vorite source of supply; it probably includes the Nebraskan as 
well as the Aftonian horizon. 

Under the broad floors of the valleys the flow is ample for, the 
cities of several thousand people located thereon. The waters 
are obtained by wells fitted with drive points and Cook strainers. 
On the broader uplands many of the shallowest wells draw a 
small supply from the sandy layer in the base of the loess imme- 
diately overlying the impervious till. 


ILLINOIAN PROVINCE. 


In the Illinoian drift province water is obtainable from the 
loess, the [llinoian drift, the Kansan drift, and the Aftonian 
gravel. The Illinoian and Kansan drifts are not clearly dif- 
ferentiated in the wells; both are used indifferently by wells, 
and even the loess affords a meager supply for many wells. The 
better drift wells draw from basal gravels, probably those of 
Aftonian age. 

IOWAN PROVINCE. 


In the Iowan drift province water is obtained from the Iowan 
drift, the Buchanan gravel, the Kansan drift, and the Aftonian 
gravel. The Iowan and Kansan drifts are both generally used, 
but the strongest wells draw from the Buchanan or Aftonian 
gravels. Such wells are generally best developed on lowlands 
and in old stream channels. The loess supplies some shallow wells 
on the margin of the area where it overlies the edge of the Iowan 
drift. 


WISCONSIN PROVINCE. 


In the Wisconsin drift province water is obtainable from 
the Wisconsin drift, the loess, the Buchanan gravel, the Kansan 
drift, and the Aftonian gravel. The porous loess is very 
generally recognized where present and is the best shal- 
low-well aquifer in the area. Owing to the immaturity of the 
topography the ground-water level is high, wells are generally 
shallow, and all not well guarded are liable to surface pollution. 
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CHAPTER IV. 


ARTESIAN PHENOMENA. 





BY W. H. NORTON. 





DEFINITION OF THE WORD ‘‘ARTESIAN” 


The word ‘‘artesian’’ has been used with several meanings, 
but, in accordance with the usage now prevailing, artesian waters 
include not only the water of flowing wells, but also well waters 
that rise to a considerable height within the tube under hydro- 
static or artesian pressure. Thus, in the deeper river valleys of 
Towa the head of the water from the Paleozoic aquifers is higher 
than the valley floors, and the water overflows in natural foun- 
tains, many of which are of considerable height. On the uplands, 
however, water from the same water beds, rising through the 
same strata, under the same driving force and with the same 
head, fails to reach the surface of the ground. The important 
and definite fact is that under hydrostatic pressure, the water 
rises to or nearly to the surface. In classifying ground waters 
it is comparatively unimportant whether the surface of the 
ground at any given point is slightly above or below the level 
to which the water from the deep source rises. 


HEAD OF ARTESIAN WATERS. 
DEFINITION. 


The water beds of the Iowa artesian slope dip southward 
from their outcrop on the high lands of the states adjacent on 
the north. The water confined within these beds is therefore 
under hydrostatic pressure, much as is the water in a city’s 
mains from the weight of the column of water in the standpipe. 
Under this artesian pressure it rises in deep wells far above the 
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level of the water bed. It may fall short of reaching the surface 
of the ground, or it may overflow and in an open tube connected 
with the well may even rise and maintain itself at a consid- 
erable height above the well mouth. The height at which ar- 
tesian water stands under hydrostatic pressure is called its 
static level or head. It may be expressed in its relation to sea 
level, to the level of the water bed, or to the level of the well 
mouth. As artesian wells may head either above or below the 
well mouth, they are divided into two classes, flowing and non- 
flowing. 
MEASUREMENT. 

The head of flowing artesian wells may be measured in two 
ways. The pressure may be measured at the well mouth, in 
pounds per square inch, by means of a gage, and the head may 
then be computed in feet. As a column of water 1 inch square 
and 2.3 feet in height weights 1 pound, the number of pounds 
pressure at the well multiplied by 2.3 equals the head in feet. 
Somewhat less conveniently the head of flowing wells may be 
measured by tubing, coupled water tight, and carried up until 
the water stands at the top but does not overflow. The size 
of the tube is immaterial. The test is most easily made with 
a hose of any convenient diameter, carried up a ladder or 
trestle, since owing to its flexibility, it may be lifted or low- 
ered until the exact head is obtained and the cuttings and 
coupling needed with metal pipe are obviated. 

To obtain the true hydrostatic balance a day or even sev- 
eral days may be necessary, and for this as well as for other 
reasons the test is most conveniently made with the pressure 


gage. 
FACTORS AFFECTING HEAD. 


ELEVATION OF AREA OF SUPPLY. 


The head or static level depends on several conditions, chief 
among them being the elevation of the intake area, or area of 
supply, where the water bed or beds outcrop and gather their 
water from the rainfall. The area of supply of the principal 
water beds of the Iowa artesian system—the Cambrian and 
Ordovician sandstones—lies for the most part in southern Min- 
nesota and Wisconsin, where it comprises about 14,500 square 
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miles. The area presents a considerable diversity in elevation 
but in few places is more than 1,200 feet above sea level. With 
a gathering ground whose altitude is relatively so low, the 
water beds of Iowa furnish only a moderate pressure to their 
artesian waters. The enormous pressure of the South Dakota 
artesian wells, for example, due to the high gathering ground 
on the flanks of the Black Hills—pressures which equal heads . 
of 400 feet in places, and which can be utilized for power in 
manufacturing plants or to supply fire protection for a city— 
are not to be expected in Iowa. 


ELEVATION OF SURFACE AT THE WELL. 


The highest heads, relative to the top of the well, are found 
where the elevation of the ground surface above sea level is 
least. From Des Moines river eastward the artesian wells situ- 
ated in the deeper valleys are flowing wells, and the wells of 
the deepest valley, that of the Mississippi, register the great- 
est pressure. The following table exhibits the maximum initial 
head reported from the wells in the Mississippi valley from 
north to south. 
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On the other hand, on the uplands of the state the water 
generally fails to rise to the top of the wells, although it gen- 
erally rises higher (above sea level) than it does in the valleys. 


AGE OF WELL. 


Owing to various causes, some remediable and some irreme- 
diable, the artesian head in any given well commonly decreases 
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with lapse of time. Any plans to utilize the pressure for fire 
protection, as at Sabula, or for running dynamos for city light- 
ing, as at Keokuk, should take account, of this fact. 

After the first wells are drilled in any locality, it is often 
difficult to determine the true head. Leaks are liable to de- 
velop by which more or less of the water escapes laterally from 
the drill hole, and the head of the water is correspondingly 
reduced. As other wells are drilled from time to time and are 
left to discharge freely, the head is further lowered, and it is 
difficult to determine the pressure in any given well, unless all 
the wells can be closed for the occasion. In a number of places 
the flow of a new well on lower ground has drawn down the 
head of other wells in the neighborhood. 


HYDRAULIC GRADIENT. 


Most water-bearing formations are cut at greater or less 
distances from their outcrops by river valleys, into which more 
or less of their water escapes. Such leakage necessarily re- 
duces the pressure, or head, of the water, the effect increasing 
as the point of escape is neared. It has been found that, owing 
to this and to certain other factors (such as the friction of 
the rock particles through which the water percolates), the 
height to which artesian water will rise above sea level declines 
more or less uniformly from the intake area to the point of 
escape. This decline is known as the hydraulic gradient. 


HEAD AS AFFECTED BY THE GROUND-WATER LEVEL. 


Under certain conditions the height of the ground-water level 
of the area and the head of minor and higher artesian aquifers 
tapped by the drill may affect the head of a well.” The effect 
of these agencies is illustrated in the map (PI. I, in pocket). In 
Towa the hydraulic gradient declines from Boone eastward to 
Clinton on Mississippi river, 310 feet in 190 miles, the surface 
of the ground falling 550 feet in the same distance. (See Pl. XI.) 


RELATIVE HEADS OF IOWA AQUIFERS. 


When a deep well is being sunk, the question is often asked 
whether water under greater pressure, giving a higher head, 


1Chamberlin, T. C., Requisite and qualifying conditions of artesian wells: Fifth 
Ann. Rept. U. S. Geol. Survey, 1885, pp. 125-173. 
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will be found at greater depths or whether the deeper water will 
be under less pressure, causing the well perhaps to lose its 
flow. It is greatly to be regretted that the data at hand so sel- 
dom permit a conclusive answer to this question. When a deep 
well penetrates several different water beds, the head of each 
bed should be tested as the drilling is in progress, but as this 
testing of flowing wells involves considerable trouble and some 
expense it is seldom if ever done. In nonflowing artesian wells 
the fluctuation of water in the drill hole due to the different 
heads of different aquifers can be readily observed, but in few 
wells have such observations been made and placed on record. 
When the head of a well is given, it is seldom known by what 
particular water vein the pressure is determined or to what 
extent the head has been lowered by the discharge of other 
wells. ; 

The chief aquifers of the Iowa water system, the Saint Peter 
sandstone, Prairie du Chien stage, Jordan sandstone, and Dres- 
bach sandstone and underlying Cambrian formations, afford 
considerable evidence that the lowest water beds give the high- 
est head. Thus at Dubuque the original heads of the wells 
ending above the Dresbach sandstone seem to have been from 
700 to 740 feet above sea level, whereas the head of wells which 
tapped the Dresbach or underlying Cambrian sandstone reached 
perhaps 753 feet. At Waterloo the head of the water from 
the Saint Peter is given at 865 feet above sea level, and that 
from the water beds between the Saint Peter and the Dresbach 
at 867 feet, but at Davenport the beds below the Saint Peter - 
seem to have a somewhat greater head. In the deep well at 
Holstein the waters from the higher formations, including the 
Saint Peter and probably the Jordan, stood 325 feet below the 
curb; when the Dresbach was struck the water rose to 270 feet be- 
low the curb. On the other hand, in some nonflowing artesian 
wells, as at Pella, Centerville, Burlington, and Anamosa, the wa- 
ter seems to have maintained about the same level while the drill 
was passing through the various Cambrian and Ordovician water 
beds. At Ottumwa the aquifers of the flowing wells seem to 
have a common head at about 700 feet above sea level. At 
Boone, on the other hand, the head of the water of the Saint 
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Peter is 1,080 feet above sea level, but that of the main vein in 
the deeper sandstone is 940 feet above sea level, 140 feet lower. 

The head of the water beds above the Saint Peter may be 
either higher or lower than that of the Cambrian and Ordo- 
vician beds. In upland wells of northeastern Iowa the head 
of the water from the Niagaran, the middle part of the Maquo- 
keta, the Galena, and the Platteville is higher than that of the 
water from lower aquifers. Thus at Sumner the waters from 
the Middle Maquoketa and the Galena stood 18 feet below the 
eurb, and those from the Cambrian and Ordovician beds 144 
feet below. This difference is especially marked in the extreme 
northeastern counties where the main river valleys dissect the 
Saint Peter and even the Jordan and permit water to escape. 
Thus at Calmar the water from the Galena and Maquoketa rises 
76 feet higher and at Postville 170 feet higher than the water 
from the Saint Peter. In wells outside of this area and in 
valley wells within it the water from the Cambrian and Ordo- 
vician aquifers usually rises higher than that from superior 
terranes. Thus at Vinton the water from the Saint Peter rises 
88 feet higher than that from the Devonian, and at Davenport 
it rises 10 feet higher than that from the Galena. At Holstein 
the water from the Saint Peter rose 40 feet and at Osage about 10 
feet above that from higher water beds. 

The head of the Dakota sandstone in northwest Iowa seems to 
be higher than that of lower beds, exceeding that of the Saint 
Peter at Cherokee by 120 feet. In fact, the reported high head 
of a number of deep wells in this part of the state may be 
largely due to the Dakota waters. 

The map showing artesian head (Pl. I) presents graphically 
the scanty data at hand, but forecasts must not be based on it 
with undue assurance. The head of any well depends on a num- 
ber of factors and is perhaps the least predictable matter 
connected with the subject. In a number of the wells the head. 
probably depends on that of waters of drift or country rock. 
The map presents, however, the salient facts of the decreasing 
head with increasing distance from the area of supply and the 
heightening influence of the ground waters of the uplands in cen- 
tral and northwestern Iowa. 
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YIELD OF ARTESIAN WELLS 
MEASUREMENT. 


No deep-well data are more unreliable than those relating 
to yield. The reported discharge of flowing wells is seldom more 
than a loose estimate and often, no doubt, a gross exaggeration. 
For pumped artesian wells, the amount delivered by the pump 
ean and should be calculated with considerable accuracy and 
may be assumed to be the capacity of the well when the latter 
does not exceed the capacity of the pumps. The yield of flow- 
ing wells may be estimated by the flow over a weir, by a current 
meter set in the pipes or by the time necessary to fill a re- 
ceptacie of known capacity. Where the yield is moderate meas- 
ures as small as hogsheads may be used for this purpose. 
Slichter’ describes a very simple method of determining the 
yield of a flowing well devised by J. EK. Todd. Pumping tests 
should last at least 24 hours and should be conducted with 
pumps of adequate capacity. 


PERMANENCE OF YIELD. 
FACTORS AFFECTING YIELD. 


The length of time which an artesian well may reasonably 
be expected to remain in service, the causes which impair or ruin 
it, and their remedies are questions of vital importance on which 
some light should be shed by the collated history of the hun- 
dreds of deep wells of the Lowa field, some of which have been 
in operation for a quarter of a century. 

It may naturally be expected that, like any other mechanism, 
this apparatus for bringing water from its subterranean sources 
to the surface is liable to deteriorate with age, to need from 
time to time repairs of various kinds, and, indeed, to break 
down from one cause or another and to become altogether use- 
less. To know the points of weakness in this mechanism, which 
is not quite so simple as it at first view may seem, and to know 
the dangers which threaten it is absolutely necessary if the 
well is to be so constructed and so cared for as to insure its 
permanence. 


1Slichter, C. S., The motions of underground waters: Water Supply Paper, U.S. 
Geol. Survey, No. 67, 1902, pp. 90-93. 
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A deep well drilled in Iowa for a quarter or a half mile, 
straight toward the center of the earth, passes through rocks 
of various kinds. Some are strong and unyielding; some are 
mobile or plastic, creeping under the enormous weight of over- 
lying rocks they carry and thus constricting or closing the drill 
hole. Some are brittle and fragile, and from such rocks move- 
ments of water in the well dislodge fragments which, on falling, 
leave cavities along the bore hole and, accumulating at the bot- 
tom, choke the discharge of the water beds situated there. Some 
are close-textured, some are spongy and porous, and some are 
ereviced. Some are dry and some are water-logged, and of the 
latter class some contain good water and some water so highly 
mineralized as to be unpotable or injurious to the health. Of the 
good waters, some may be under so little pressure that another 
flow under higher pressure will drive them back and escape 
through their channels if left free to do so. The main water 
bed may consist of loose and crumbling sandstone, which with 
time breaks down and forms a chamber, roofed, perhaps, with 
shale, which, when left unsupported, caves in and closes the 
waterway. 

For some distance from the surface the well commonly pene- 
trates incoherent material incapable of standing in a solid wall. 
A casing is therefore inserted and bedded in solid rock. But 
unless the juncture of casing and rock is water tight the ascend- 
ing water of a flowing well will in time find a way through it out 
of the drill hole. 

Finally, even if the well is perfectly constructed and the sup- 
ply in the water bed is large, the yield may be diminished 
through overdraft by other wells put down in the vicinity. 

Permanence of an artesian yield, therefore, depends (1) on 
the construction and care of the well itself; (2) on the char- 
acter of the water bed from which it draws; and (3) on the 
combined draft on the water bed by all the wells in the vicinity. 


FACTORS RELATING TO THE WELLS. 
CASING AND PACKING, 


Heavy iron casing is inserted where the well passes through 


weak rocks diable to cave or creep and where it passes through 
10 


146 UNDERGROUND WATER RESOURCES OF IOWA 


aquifers containing salt or bitter water or good water under so 
low a head as to permit lateral escape of the main flow. The up- 
per casing is carefully packed at the base to prevent any escape 
of water. Where the water bed is of weak rock it is protected 
with strong casing perforated to admit the entrance of water. 

All these precautions are taken if the job is thoroughly done. 
But as casing is costly, as the nature of the rocks to be pene- 
trated is in many places not well known, as the heads of the 
various water veins are not tested—for all these. and for less 
excusable reasons it is not seldom that some of these points 
of danger are left unguarded. The upper casing is left unpacked 
but is simply grounded on bedrock, which in Iowa is usually 
limestone. ‘This soluble rock gradually decays about the base 
of the casing, a thin thread of water escapes into the surround- 
ing overlying sands or shattered rock, and the opening is en- 
larged by solution until the leakage is sufficient to stop the flow 
of the well. 

Uncased shales, although to all appearances at first sufficiently 
firm, may yield to the action of the water passing over their 
exposed surface and cave within a few years after the comple- - 
tion of the well. Limestones, although strong enough to stand 
indefinitely, may contain crevices, openings, and porous beds of 
which the driller is untirely unaware. Water from other per- 
vious beds under heavy pressure is driven into these passages 
until most of it escapes through these leaks and the well ceases 
to flow. 

The main water bed may be a loose-grained sandstone, which, 
if not cased, gradually breaks down and tends to fill the well 
with its detritus. It may be a fine-grained as well as a loose- 
grained sandstone, and even when the well is cased the grains 
may be fine enough to pass through the perforations of the 
casing and the strainers, likewise causing the drill hole to fill. 
Where casing is sunk to prevent leakage the pressure under 
which it is driven down may split or break it at the joints, and 
through these breaks the water may escape. 

DIAMETER OF DRILL HOLE. 


Very obvious causes of difference in the yield of artesian -wells 
are differences in the capacity of the drill hole: or its.easing. 
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The cross section of a tube varies as the square of the diameter; 
thus, disregarding other factors, an eight-inch pipe would carry 
16 times as much as a two-inch pipe. But the larger the diameter 
the less the frictional resistance; hence the difference in favor 
of the larger pipe is still greater. Taking into account both 
eross section and frictional resistance, the discharge of pipes 
varies as the 2.5 power of the diameter.’ 

The yield of a deep well is controlled, not by the maximum 
diameter of the bore hole—that at the well mouth—but by the 
diameter of the hole at the water-bearing stratum. In sinking 
deep wells it is necessary from time to time to reduce the dia- 
meter of the drill hole. The first deep well at Boone, for ex- 
ample, which began with a diameter of eight inches, was reduced 
four times, and reached the bottom at 3,010 feet with a diamter 
of three inches. The Greenwood Park well at Des Moines, 3,000 
feet deep, beginning with 10 inches, reached the bottom with 
three inches. For this reason and because of the rapid increase 
in the cost of drilling with increase of depth, it may be con- 


eluded that the limit of profitable drilling lies under rather 


than over 3,000 feet. The cost of tapping a water bed at this 
distance from the ‘surface with a drill hole large enough to 
carry its waters is so great that the outlay is seldom warranted. 
Large holes also have an advantage in. that they offer a 


larger surface of transmission within the water rock, and thus 


give a more generous yield, but this increase is comparatively 
slight. Thus, of two wells, each sunk 100 feet in water beds 
presenting similar conditions of pore space, pressure, etc., a 
6-inch well yielded 36 cubic feet a minute and a 12-inch well 
only 41 cubic feet a minute, although its carrying capacity is 
four times as large.’ Several small wells will secure a larger 
inflow than one large well. Furthermore, to secure the maximum 
efficiency of a number of wells, they should be spaced as widely 
as practicable so as to interfere as little as possible with one 
another. | 

SWasiichter, C. 8., op. cit., p. 84. 


eine. 2B .. EL., Principles and conditions of nS movements of ground water: 
Bepercenth ‘Ann. Rept., U. S. Geol. Survey,. pt. 2, 1899, p.. 285. 
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FACTORS RELATING TO THE WATER BEDS. 


PRESSURE. 


The yield of flowing wells from beds of equal porosity varies 
with the pressure of the water at the point of discharge, or with 
the difference between the surface level at the point of discharge 
and the level to which the water will rise by artesian pressure. 
The relatively large yield of the deep wells of the valley towns 
of Iowa compared with that of upland wells is explained by 
their greater head, and the assumption made by some persons 
that natural cracks and fissures of great extent coincide with 
river valleys is quite gratuitous. The law is well illustrated 
in a test made of a flowing well at Hitchcock, Texas, whose 
water rose about thirty feet above the curb, the point of dis- 
charge being taken at different heights and therefore at differ- 
ent distances below the static level. When the point of dis- 
charge was 25.35 feet above the curb the well yielded in a given 
period 8,022 gallons, and when it was 0.76 foot above the eurh 
it yielded in the same period 95,000 gallons. This change, which 
was equivalent to increasing the head from 4.65 feet to 29.24 
feet, increased the flow of the well nearly twelvefold. In the 
location of wells this law of pressure variations should be con- 
sidered. Other things being equal, the lowest ground available 
should be chosen as the site of the well, for here the head and 
discharge will be the greatest. 

To the same law is due the greatly increased flow when 
pumps or air lifts are used. Thus, at Charles City, the yield of 
the city well, whose estimated natural flow was 200 gallons a 
minute, was increased by a vacuum of seven pounds to 900 
gallons per minute. At Mason City, Waterloo and Dubuque 
greatly increased flows are obtained by means of air lifts. Ad- 
vantage is taken of the same principle when the pumping eyl- 
inder is set low in non-flowing wells. At Ames a test made with 
the cylinder set 270 feet below the ground gave a maximum 
discharge of 7,400 gallons an hour; at 149 feet below the sur- 
face it gave 5,000 gallons an hour; and 105 feet below the sur- 
face it gave only 3,525 gallons an hour. 

Pressure is a controlling factor in the transmission of water 
through porous rocks. Experiments have shown that the yield 
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of porous sandstone varies with the pressure, but doubling the 
pressure usually more than doubles the amount of water trans- 
mitted. The moderate pressures of the Iowa artesian basin suf- 
fice to overcome the frictional resistance and to drive the water 
on its way but are not sufficient to force such immense yields 
as are reported from wells of the Dakotas. The moderate 
pressure may also result in a comparatively rapid lowering of 
the head in any local area, for the slower the transmission the 
more rapidly will the area be depleted under a given draft. 


THICKNESS OF THE WATER BEDS. 


Few if any wells yield as much water as would be indicated 
by the theoretic capacity of their pipes and the velocities due 
to their pressures. This is because the water is delivered to the 
‘pipe through porous rock through which water seeps from dis- 
tant sources under great frictional resistance. The yield de- 
pends, therefore, on a number of conditions relating to the rock 
constituting the water beds. It depends on the amount of sur- 
face exposed in the drill hole within the water bed. When the 
bottom of the hole barely touches the water bed, or an unper- 
forated casing extends to the bottom of the well, this 
surface is at a minimum and gives a minimum yield, for it is 
then merely the area of the circle whose diameter is the diameter 
of the bore. When the entire water bed is penetrated and the 
hole is uneased, the surface of transmission is at a maximum 
and gives a maximum yield, for it is then the surface of a cyl- 
inder whose height is the thickness of the water bed. Thus a 
thick water bed will not only hold and carry more water than 
a thin one, but may also deliver more water to a well. Several 
water beds will yield more than a single water bed of less than 
their combined thickness. The thickness and the number of 
the lowa aquifers therefore constitute one cause of the large 
flow of the wells. It follows that a deep well should be sunk 
completely through any given water bed, and that the more 
water beds it traverses the larger will be its yield, provided of 
course that certain beds do not drain away the waters of others 
because of difference in head. Several Iowa wells that have 
stopped in the Saint Peter sandstone would have obtained a 
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much more copious yield if they had been carried through tne 
Prairie du Chien and the Jordan. 

‘On the other’ hand, there are places where the lower waters 
should: be left undisturbed even though the yield would be in- 
creased by drilling to them. At Cedar Rapids and at McGregor 
the first wells drilled encountered salty and corrosive waters 
in the Cambrian sandstones, and wells drilled later in these 
towns were, therefore, stopped before they reached the horizons 
at which the deleterious waters were obtained. In northeastern 
Iowa, along the Mississippi valley, the lowest of the aquifers, 
the Dresbach and, underlying Cambrian sandstones, is drawn 
upon freely; but outside of this area the expense of reaching it, 
and the probability of finding its waters highly mineralized, are 
so great that. it.is.generally advisable to stop the drill at the, 
base of the Jordan sandstone. 

In loose, friable sandstone it may be necessary to case jnaeee 
the water bed. In such wells the casing should be a 
through the entire thickness of the water bed. 

TEXTURE AND POROSITY OF WATER BED. 


Yield depends very largely on the texture and porosity of the 
water rock. Gravel yields its store of water more freely than 
coarse sand, and coarse sand than fine sand. Doubling the ef:+ 
fective size of grain quadruples the yield. Stratified rocks trans:+ 
mit water most readily parallel to their bedding planes, and 
this fact gives an additional reason for the large yield of wells 
which penetrate water beds deeply and are fed from the sides 
by horizontal currents, as compared with the yield of wells. 
which touch only the upper surface of the water bed and are 
fed from the bottom by currents rising transverse to the bade 
ding planes. 

The main sandstone aquifers of the Iowa artesian system 
include many highly porous beds through which: water seeps 
freely into wells.. Their grains:are moderately large, are excep- 
tionally smooth and well rounded, and are fairly uniform in 
size, thus increasing the ‘pore space, as few minute grains are 
packed in the interstices of the larger grains. Cements filling 
the poré spaces to a greater or less extent are practically absent 
in many of these water-bearing beds. In consequence of these 
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conditions, the sandstone aquifers of Iowa yield exceptionally 
abundant supplies. 

With increasing distance from outcrop and with increasing 
depth and slackening of the ground-water circulation clogging 
and filling of pore spaces may be expected in any water-bear- 


‘ing terrane accompanied by restriction of the water channels 


to special horizons kept open after the remainder of the rock 
of the terrane has become impervious by cementation. The 
yield of aquifers, such ag the Saint Peter and the -Tordan, can 
not be expected to be as great where they reach great depths 
in central Iowa as it is in northeastern Iowa, where they lie 
much higher and their circulation is far more active.’ 

CREVICES IN THE WATER BED. 


The yield of the artesian wells of Iowa is increased by the fact 
that the waters flow not only through the pore spaces of sand- 
stones and loose-textured limestones but through the fissure 
eracks and crevices that are common in limestones and occur 
even in many sandstones. The existence of these passages might 
be inferred from general considerations and from experience 
elsewhere, but in the Iowa field it has frequently been proved by 
the sudden drop of the drill, by the deflection of the drill, and by 
the underground disappearance of drillings. Many of these 


. passages through limestone are in connection with the sandstone 


aquifers. 

Between the Saint Peter and the J ordan sandstones lies a 
heavy body of creviced limestone, more or less arenaceous and 
in places interleaved with layers of porous sandstone, and below 
the Jordan sandstone lie the limestones of the Saint Lawrence 
formation. Throughout this entire body of rock, from the base 
of the Platteville to the summit of the impervious beds of the 
Saint Lawrence, artesian waters may participate in a common 
movement. Water sinks or rises from sandstone to limestone, 
and vice versa. Where its course lies in the solution passages in 
limestone its velocity is greatly increased, and where the drill 
penetrates such crevices the flow is proportionately abundant. 
Even the delivery of the sandstone is no doubt increased by com- 
munication with the more open ways of the limestones. 


1The Saint Peter, struck at Nebraska City, at a depth of 2, 783 feat) _although 
64 feet thick, was found dry. 
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CLOGGING OF THE WATER BED. 


The yield of some wells diminishes because the water bed be- 
comes clogged. Fine material in the rock is carried little by little 
toward the well and accumulates immediately about the drill hole 
in the interstices between the larger grains, thus lessening the 
porosity and the transmission capacity of the aquifer and lessen- 
ing correspondingly the yield of the well. The danger is believed 
to obtain especially with incoherent sandstones which have large 
diversity in size of grain and contain material of siltlike fineness, 
either interleaved or disseminated through it. In the main water 
beds of Iowa—the Cambrian and Ordovician sandstones—clog- 
ging to any noticeable extent from this cause should be rare. 
In the artesian wells at Savannah, Georgia, an effectual remedy 
for clogging was found in forcing a strong flow down the well 
by means of fire engines. 

Clogging may be the result of the growth of microscopic plant 
life and gelatinous deposits of iron, as in Linwood Park 
well at Dubuque, where the obstruction was a fibrous growth, 
probably of Crenothrix, and where churning an iron rod in the 
well doubled the diminished flow. 


OVERDRAFT ON WATER BEDS. 


Artesian wells may fail because of overdraft. In many large: 
towns and cities the fact that a copious supply of water, whose 
purity is above suspicion, can be obtained at moderate cost, 
leads to the multiplication of wetls beyond the local transmission 
capacity of the aquifers. The head of old wells gradually 
diminishes and that of new wells drilled from time to time fails 
to reach the initial head of the wells first drilled. The opening 
of a well of unusually large yield, resulting from its exceptionally 
large diameter or from its location on low ground, may cause 
a sudden fall of pressure in all the wells of the locality. 

Finally, the artesian head in a locality may be so reduced that 
all the wells cease to flow and all require pumping. The cause 
of this lowering of artesian head is simply that more water is 
being drawn from the water beds at this place than can flow in. 
The storage capacity of the artesian basin is not overdrawn, nor 
is there a deficiency in the rainfall and absorption over the area 
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of supply of the artesian system. The limiting factor is the 
transmission capacity of the water-bearing strata at that locality. 
For such a condition there is obviously no remedy., The most 
that can be done is to guard against any waste of the water, 
either above ground or by leakage below the surface. The real 
overdraft may be due not to necessary consumption but to leak- 
age from a number of wells. 

In the towns and cities of Iowa where many wells have 
been drilled loss of pressure has been noted too generally to be 
accounted for by deterioration of individual wells. Such a loss, 
for instance, has occurred at Dubuque, Clinton, Davenport, Bur- 
lington, Keokuk and elsewhere (p. 155). In none of these places 
has the decrease been sufficient to wholly prevent artesian flow, 
though in several pumps are used to increase the yield. 

REMEDIES FOR DECREASED YIELD. 


The first step in remedying decreased yield is to discover 
whether the error is not in the well itself. Hven when properly 
constructed the mechanism of a deep well can not be expected to 
last indefinitely. Packing may deteriorate with age and leaks 
develop about the lower end of the uppermost casing. Casings 
in time rust out, and under the chemical action of certain waters 
this deterioration may be rapid. The casing may be attacked at 
the joints, the screw threads becoming so rusted that when the 
casing is drawn to recase the well each joint has to be lifted 
separately; or the water may corrode the sides of the casing, 
perforating it with holes as large, sometimes, as a 5-cent piece, 
thus causing leakage. The remedy here is to recase the well. 

In a number of Iowa wells where this has been done the initial 
yield has been restored. Thus the Atlee well, at Fort Madison, 
used for a public fountain in the street and for a private foun- 
tain on the grounds of the owner, which lost its head of 55 
pounds, is said to have had this entirely restored by recasing. 
Unfortunately a well may be drilled a little out of vertical and 
the insertion of a casing is impossible when a need of repairs 
arises. An example is afforded by the deep well at Monticelio, 
one of the oldest artesian wells of the state, which furzishad 
excellent water but had to be abandoned because the czocksd 
bore hole prevented the essential repairs. 
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In wells ending in sand the screen at the foot may become in- 
crusted and the flow of the water stopped. The remedies for 
_ this are discussed on pages 219-226. 

In many oil wells an increase in yield has heen obtained by 
torpedoing with nitroglycerin. This method has not been at- 
tempted with the Iowa artesian wells, nor, indeed, can it be 
recommended except as a last resort where drill holes would 
otherwise be failures. In close-textured limestones the shatter- 
ing of the rock under the torpedo may not extend to any pas- 
sageways. It must be remembered that an artesian well is ex- 
pected to be far more permanent than an oil well. Torpedoing a 
well usually not only makes it impossible to sink it deeper but 
also to repair it at any time. 

Still less excusable is the use of nitroglycerin in repairing drill 
holes. At Vinton in 1910 two adjacent deep wells needed repairs 
of the same nature and extent. In attempting to pull a corroded 
casing in the north well several shots of high explosives were 
fired and the drill hole was so damaged that the total cost of 
the repairs exceeded $7,400, whereas the repairs on the south 
well made by an experienced company cost but $1,600. 


STATISTICS OF DECREASED YIELD. 


The following tables present all the information which has 
been gathered concerning the deep wells of Iowa which have 
been abandoned or whose yield has decreased: 


155 


ARTESIAN PHENOMENA 


*-gajedaz 











"AY 

Invg “39 YF oaynvay_ ‘osvayO 
*syJN[q [founopD 

wovewsewewsee= UOUeT pue yyw 


aaonwmewnnmn=en=--O HI Aleylues 
erat ae etn OO) ANOS BMOT a 


saan a= SH IOAN MOLT ABTIO PC 
:009suTINg 

Tur uwajoom 
:BUvULy 


i) oe oa DOTEHO: GIROS 
{AY UleysoM WION  O3vdIyO 


u01}84s Ivou 
|:°AY W1sysaAA UJION 2 OSvaIyO 


ase ====-="=0/) Jadvg .WozUTIO 
:m07JUIIO 

[leds Ory 

-BJOOSSY UBIYSIIYO s,Uey{ Sunox 


ick Ue ey Sy aha ae aNOARde, aoe ae ON: 


te! on eeeer otal eae eee COIN 


reage e oan ey eS eed GS 


—eM £419 
‘spidey JIepap 




















ON ‘UMOTXON osnved ‘snonuljuo0d pus [enpeis sso7T| # + ag a eel a el ee ty 
*siiedeI OU ‘s][oAi 
1aq3O JO SUl[IIp 03 SujMo A[qvuinseid ‘usppns ssoy| ----""---"| OF ie ol seis) | S06 GO6L | OOF 
*siredeI OU fyUNS SBA 
[194 puvjedoD UWoJUTO Woy Jooy QF Posvaloap PVaH | Wr RT| mmr re nmr nn lm GOBT GO6L | L8F 
*siivderl ou 
{UNS SBA [eA PUL[EdOH UWOJUNO UsayM Usppns sso] AA KK Armen! oF $8 COG F06L | 609 
“s1redel OU ‘poal[lIp 69 
QAM STAM I0q}O SB aul} OF OUI WOT posvaloap PlaIA | ~~~ - Tm | | OOF 26 eeemnesa== 1 SOBEL 128 
“688I Ul pexyovdel ‘[enpvis ssoT os+ 002 02 08 $68T Sst | OFe'T 
*siiedel OU ‘Spasola st AUvdulod 
iesns JO [ja 04} Usa [ensn se sMOQ {0D 3ul 
“Upey Jesng JO [aM JO uosje[dulod WO UsppMs SSO | ~--~-m~-—-~[-m——m m=") QZ— femme OBE. tamtan ano 
“cO6L Ul Supyoedar pue Sursvoor Aq pasvoio | - 
“Ul pla supped Plo ynoqe payvo, ‘[enpwIs sSsOT| pg |-~-------- Gle oL S68T | 968T 6ST 
*pejyou JUsNIOAOIdUII OU 4Nq ‘96ST UI yoo} | 
O9T JO YYdep OF PasBdaT {paysnI SUIsvd ‘[VNPBIS SSOT| ----------|----------| ggo° oP S68 $88E  990‘T 
SSlU COR OM. Poy stit AUS 0, eae oon neo s oaee seeeeea aeeo ene —enl Paar One T 
‘esn Ul JOU ‘si[edeI OU ‘pejysNI SSUISBO | ----------| Qoz woreeepalicr: TO6I | S88— | ogr'T 
“sIjvdel OW ‘:paqysNI SSUIsvd ‘[eNpvIs SsOT} QoL 0gz bd 8Z IO6L | S88L | OGF‘T 
‘slledoel OU ‘peysni 
SAU[S¥o {[ENpVIS SsO[ 400} OGP‘L 98 passnid [leAA| ost 0sz Z 8% TO6L esst | azz‘z 
| 
‘urw sad| ‘uw sad | 
$w0710H su0ypy 700 799 409 X 409% 7097 
= ° y o 
ea re eo ah pee a8 5 
Sin wy, 22 | & | coes/| os | 3 
SyYIBVUIIY 2s Bb 28 B Boa Bo io 
+ ce + e og is 
2 Q oO ie) | 
; Pp © 
qand a E 
. PISIA MOTI JO oa 5 = 
eAogy peaH m I 














uolNrooT 














paysruruep spy pyar asoyn spam unrsap1y 








td 


UNDERGROUND WATER RESOURCES OF IOWA 


156 



































AGNPULS. SSO b= stesa = S eee #8 | g¢ Pree oe deo eo CGO ee acne re a oe OD Surorvg anbnqnd 
“S681 U! aay O99‘T 01 pouadoap ‘yoey 968 ‘UIdop [VULSIIQ) “77 TTA TTI) OY, 601 Seer tee ar sh DON SE i ae ee ee oe ae ~ gsnoy weiny 
igi wees Cae |= so <Seet al 4 92 Geeta pal rear COG Lone ee OPO. PURGE so aap 
InvT “9S Y sayNvalypA ‘osvayyo 
<0 i SGA ar oO, 03% S&T oo ie ee O00 Lille yun, mea, BORMIJOSS Y (eaoogtig 
{qUNOMe UMOUNUT AG HetgMOT Toso! JOIUAA) = = Pe al eee | la on ee Pro <GO4 Le eee ae tne eters o ‘ON 
*qimd A\OT 
9 300} GF POOJS 10RVA WAYA ‘GOGI Ul pal[eysul dung) ~~ ~~ | 98 006T Bae, 1. FG epee ae en a T “ow 
—Al9}ouIaM ~PooMuLT 
*806L Ul Posved MOY faduUaIeJIOJUL AQ pesnva osvaloagd) SN oars 2a eee | en ee LOSE 7, SES om ol Pee a AromMoIg 9plurgsg 
“AUD : 
Jad suo[[Vs 000‘80Z‘T Plafk 0} MOU ples 4JI[ ue JapuQ, OL & G.  k e e e e Tle YION 
“ABP Jod SUOTIVS 000‘SEF P[o[A 0} MOU PIUs AFIT Ue JapuQ) OL ode Us, Seems ae aes — Sh 1 Be a a Gerla ed Tfeat YyNOS 
+ — WOT asvq_ “eM AUD 
‘pourval pue 4no poauvoro sanonqnag 
sposn ge AIOJIVY osOaN[s JO S][[aM UWayM Sasvod MOTZ| | | | elias Rees ee eee QOLSL: [rts ors PORDOH Team 
‘od 110) Pa acaba a reese CaN aes POG Ty ORG. igo cigere 2am aa 6 ‘ON TPM 
*s[[em Jaqj3O JO Suiduind 03 enp ‘uappns ssoy! 9OP = | GC! aae aed Peat ee ea DESL iu Genk sul Scie eae gone Wen LT ‘ON TOM 
— 0D suy[VM JUapUsdspul 
Geo ae al a iere a 4% fe ete oe ere OABLs ROG: Loi gece ste = an = oe OCT 
pS een ae eee FE 1s ST oi] cL , | GABE eye | cag aaa aan ana ma eA 
Lee cae ie) ee Oe ool 18 = ba i> OSpk QOL, G. moe gene Re eee aS ae ee OE 
nie ae Cee ee PG FG TS) jal omega | gee 5) Sa an |e cee epee con A10j9VJ osoantyH 
SSOP Rig (SHO Toe aoa ¥ as) (ae =| PORT." 0p T |S es eee SYIOM sex 
ep ae ee 4 OF el eee aT S68E:.| OOL L’|Samaseeae Sas eee Se ee ‘00 
6 UOISIAOIG Y SsuLpov IOdusAv 
Ul puv 6g Ul Sulsvoal Aq pasvosoul Ap]IeIOdu1e} AMO[q| ----------|----------| 7 LE cet [asa ser, DE) ean et ee oa cones 
:y10duaavq 
“poqsni suIsvy| (4) Nes ee Ph ae geet gee FUE LS |= a eae AIOMOIG osstoy 
08 
SSI(GAALiOU. L[RUNeLS ASOT U9 a" Ue toues ool eee Te lee a | ee MOL [sac Z ‘ON TIAA 
“S68L Ul SuUIsvooI pue ‘Suluvaloa ‘sur || § CT ———S——— : 
-uadeap Aq A[l1e1odurey MOB posveiouL ‘[enpeis ssogT/,)¢+ | 6¢ OL 09 tao OSST Mh OG0 JT : lesa tea aaa mae T ‘ON TOM 
—Jjveq 94} IOFZ [ooyag 
‘ur sad\"uriwm sad) } 
8401125 sens q007 q00T “pax | wax Jaa 
af |’ 2 | of | 8] spe | as | 8 
4 2 | 82 4. SES | Oo 4 
syIeUley 2s } oe 5 Bia | Bo ay uolRe007T 
ct ee a ©, ose | =" * 
a" oO 
qang sa | E 
PISA | MoTeg zo “8 = 
| dA0GY peoH | “4 
| 























penuryUuoy)—paysruup spy pjarhi asoyn syjam uUnisa.y 


— 


157 


ARTESIAN PHENOMENA 





























‘Temg 4} ‘sayour Mag t ‘sSoT 10 oIOPT x 
"IdayJa YNOUIA “OOGL Ul pautvar A[JIVd t[eNnpVls SsOT) OZT 008 0c— «ET. S681 TOS Thal MODGSE Ol sneer er tay [laa AqJo WOT 
“SMOP IIS ‘[enpesis sso'T] ----------| zz A ae (ee ZO6T. OORT ROSS El Sao ee gee ONG 
“suOT[vS Cc) SBM A}IOVdvo SuIduind puv 
QINd MOA 409} ZL POOIS 10VAL OOSL UL :sso[ [eNpwy) ---------- OZ meenomm =| go featann n= -| eget | goytt -nrnrnr or ae anon onononoeooo- EON 
syTeA. AQ10 AZIOGIT SOM 
"‘[enpVis ssoT ogg 061. $9 tL £06T SORTA BLO" Le 0 pes sien Maeda eae Tea Aq10 vInqeg 
‘od 00g°T os T WES eee L061 SOB! S0G OM |e ee a oe ater ON. 
‘od FFG 00g T my ae e205 LO6L CEST COLE Si ase sae ee os be ROU ONE 
“QUOUIPES YUM PITT TM) FIZ Se eee ere ere srr he SOGT al ARAT eS L alee Ree eo Gee Oe 
"Z68L Ul SuruIvel Aq 
PasvoIOU! AOB :4UaUTIPEs YPM Poly [eat ‘[enpeas ssoy| 20g 008 Zotar) ge Z68E SS8L | OLLSE tense EON 
; F —IPM ‘0D ¥ Talo uygor 
SSUPIVd “OAT OaTOp ie [SUPULe- BROT | pone areca ae ease jae 0 ease aaoreo Sei) Gatto sree ular 
, : TB AUINIIO 
“806L Ul MOY OF pasvaD ali gta ee Poe oy eee oie ls eae She pean ap Cees OL ORG oe lee aE waa nena-- an === = OF 
STEUDELG SSO oe ata cal ae ae PRET: al ee aah 906T-FOST |°-----"-| 000° [7-7 Sead TOSUIQNA 
"S06L Ul Sursvoer :ynyoay 
puv Surusdsep fq poaordu ALYSS platd ‘uappns sso) ~~ GD) 06 70ST GOST | F9L Cente and Pear oe Oa oe 
s ; y vyodoL ‘uostqoy ‘[eydsoy 
“S[[PM QUIOg o[Fey oy} Ur : SUOSIPVIT 310.7 
31 Ire Jo asn Aq pfafA [BULIOU PIIqy-eu0 0} poasvato0d MDO6L |) $68 5T © |A-Ss° ss Snloedy Wax 
SoM JUIOg VSvq Ul FIT a yo asn Aq Peyessogy ATV ESOS t. \-e" > eee ONUCA YH TU SIT, 
—PeM Ay onbnuqng 
“pajou STTOA reu}0 POO OSLOS AOD Somme ce gee areal ene | OD a Ls me soley 1 8 a TTT" ——"ON BBY AYO AO 


rf 


“Tes 8,°00 gt 2%» Sur 





Say S yorOTOHL “a 








158 


UNDERGROUND WATER RESOURCES OF IOWA 








‘eduryt 





“a10jod}+ 









































“syIOMJE}BAL UOJ PajJOIUTODSIP ‘passed MOB ‘4oo} FF ‘PBEY [BUIZIIQ |~--—""""""|__ 979 Ree GS E QS l Cb a eee oe ae oe, ae 
“pos JoAoa {1098A JOOg | “0-7-9 |- |---| cae oC Lis eae eee AU EAOSIA 
; 6S eee ee SOL CS a eT ae g RT PRO ON 
oe | Pre aie ae ca 006k OORTT” (GE Sse ea Saeco PON 
—T1eM AID 
sT0JMON 
*aTqissoduly 
SU[svoel OPBUI e[OY payooId ‘pla{A pesvelvap JO osnvoeq PsMOpUBgY | ----------| (0zZ 006 QL8I SONG coo eee cae LO AI 
: ° :OT[901JUOPL 
*SulIeS P]OYdA} GIIM UOToaJUI puv A[ddns AyuBdS JO ssnvdeq peuOpuBqY | g9 A eae lt OST CISL aticoeaa| pepulur-aqeeg Ioy umpAsy 
| :pooMus[y 
*pomopurqge sea | 
PUB PoAvO UleSe 4 UayA ‘sIveX May V pPasSN SBM [[aM PUB popes 
-U] SBM SUISBD OPISU! {pUBS YIIM Polly [fe pUB gEsl UI AVA OAV ZuUISeO | ---------- 009 ZO6I «SSSI 690 lea ‘09 aodeq uUMOIg 
: :UOSIPeIT 4107 
‘apevul I9AO Ssiledor 
ou ‘038 sIved pojJOU SSO[ +4003 § ‘BO6I UI PBOY ‘J00F OF “PBE [BVUISIIO | or 300a'g 9 [---~-"-"| S88 | OTs‘ |---""300178 GINS WO Tem A410 
senbnqnd 
*pBoy IO plaid JO UO!BIO[JoJop OU SyIVd 0OJU!I PepUe}xXe SUlBUT JayBVAA | ~~~ ZO6L 9681 0008S o> gene Tom AIVT Be peewee ae 
: Soul 
*MOITVOOT JUSTUAAMOD DIO B 4B [[AM MoU JO IOAVJ UI peuop 
-uvqe ‘peduind JaAeU ‘468 Ul Pd[[¥JSU! e1aM SYIOMIOJVA O1OJOG Ped | 2002 | 002 ------=-|------=-| ggp‘z jarenbs oqnd Ul T ‘ON [eM AID 
20] [1A19} U9 
Od 08-01 08-0L 9061 L68T FG 2 ON 
*s[[aM JOMOT[VYSs Wor} ATddns Jodvoya Io} peuopueqy |----------| OL 906L | OGST O10 Os tae perce Oo peer OLS LOND 
—Tea AID 
:9u00g 
Se oad PL OD, f S0GT} Sq SORES 2|) 0801S Neonea aaa cme aan Trask A310 
: :A0P19V 
‘urwm sad|)*uriwm sad ~ wa yaa 
$U0]]/D) | 8U0])DH mo z 
| | ber | — 
a es, po 2 s) 
a] bel lo ° ® 
syieUley etieas, 3 g 5B sf uoneooy 
2 ae A + o 
SSS Sa = a 
PISIA 
a = = = = a = < a abt SS SSS = ac = 2s ose ee 





‘s]Jam -wnIsa.D pauopungy 


CHEMICAL COMPOSITION OF UNDERGROUND WATERS 159 


CHAPTER V. 


CHEMICAL COMPOSITION OF UNDERGROUND WaA- 
TERS. 





BY W. S. HENDRIXSON. 





INTRODUCTION 


NATURE OF ANALYSES. 


The analytical work of this investigation has been confined to 
determination of those mineral or inorganic constituents that 
are commonly found in nearly all ground waters and that have 
an important bearing on the suitability of the waters for munici- 
pal and industrial uses. The following are the substances de- 
termined: 


Silica (SiO,). Potassium (K). 

Iron (Fe). Carbonate radicle (CO,). 
Aluminum (Al). Bicarbonate radicle (HCO,). 
Calcium (Ca). Sulphate radicle (S),). 
Magnesium (Mg). Nitrate radicle (NO;). 
Sodium (Na). ; Chlorine (Cl). 


In calculating the averages of the analyses potassium has 
been included with sodium, as potassium was separately deter- 
mined in only a few of the waters. In most of the analyses not 
made by the writer iron and aluminum were determined together 
as oxides. In a few analyses silica was included with those 
oxides. It is, therefore, impossible to find true averages of iron 
and aluminum, and these are omitted from the tables. The pro- 
portion of the analyses giving silica separately is large enough 
to justify including its average in the table, though the average 
ean not be rigidly construed. Where considerable quantities 
of nitrate were indicated the nitrate radicle NO, was deter- 
niined. i NS Sart ae 


i 
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Many deep-well waters contain amounts of ammonia that 
would be sufficient to cause suspicion of pollution if they were 
found in waters from shallow wells. The presence of ammonia 
in water from deep wells is probably due to the reduction of 
nitrates by pyrite or other reducing substances. Whatever the 
cause, both the ammonia and the nitrate are to be regarded as 
due to fermentation long since-completed and therefore as with- 
out significance from the sanitarian’s point of view. 

Eleven waters are included for which only total solids were ob- 
tainable from the analyses. These are waters analyzed only 
with a view to their use in boilers, and only the total solids, in- 
crusting matter, and chemicals necessary for softening them 
are given; they are included in the general tables because there 
are few available analyses of waters in the regions in which they 
oceur. 

The 400 analyses that are tabulated represent waters from all 
but two of the 99 counties in the state. The majority are 
analyses of waters from wells of the northeastern part, or deep- 
well district, of the state. Some counties have no wells of con- 
siderable depth which enter sources of water of more than local 
character. In some this may be due to the absence of easily 
available sources of large water supplies, as is apparently true 
in some parts of southern Iowa. In others the existing deep- 
water resources have not been developed; for example, six coun- 
ties—Worth, Howard, Chickasaw, Butler, Grundy and Buchanan 
—all favorably located in the artesian district, have, so far as 
known, no wells penetrating the lower sandstones. Five others 
—Mitchell, Floyd, Franklin, Black Hawk and Delaware—have 
only one such well each. In these counties there are few large 
towns, and most of the small towns having water systems pro- 
cure supplies to meet present needs from shallow wells or from 
streams. Ag they grow and their demands increase a large de- 
velopment of the deep-water resources may be expected. 


STATEMENT OF ANALYTICAL RESULTS. 


FORM OF ANALYSES. 


In the statements of results of analyses by other chemists the 
mineral constituents are frequently expressed in the form of 
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salts and oxides, As the oxides of aluminum and iron are com- 
monly weighed together, it is impossible to separate the iron 
and aluminum in the recaleulated analyses and their combined 
oxides are therefore given in this report unchanged. The same 
applies to silica when it was weighed with the oxides of alumi- 
num and iron. 

Until recently it was customary to represent the results of 


analyses of water in terms of hypothetical compounds as they 


were supposed to exist in solution. Many have been the discus- 
sions, not to say controversies, as to whether, for example, cal- 
cium would combine with the sulphate radicle rather than with 
chlorine, according to inherent selective affinity. All such dis- 
cussions have been rendered irrelevant by general acceptance oi 
the ionie theory, for it is now well known that the mineral mat- 
ter in such dilute solutions as the average well water exists al- 
most entirely as free radicles, with the exception of silica, which 
is given as SiO... There is no longer any scientific reason why 
the results should be represented as compounds, and there is 
very little in the way of practical convenience to justify such 
practice. It is true that if any given water be evaporated to 
dryness the contained substances separate out as compounds 
according to the law of least solubility, and in a definite order 
according to the relative amounts of the substances present, but 
the order would scarcely be the same for any two waters. The 
only logical procedure is, therefore, to give the constituents as 
radicles, though it may be a little confusing to those who are un- 
accustomed to this mode of expressing results. 

In the enumeration of radicles that were determined, two 
forms of combined carbonic acid have been given. As a matter 
of fact, Iowa deep-well waters are almost without exception acid 
to phenolphthalein and contain free carbon dioxide. The car- 
bonate radicle is regarded, therefore, as HCO, and is so given 
in the tabulated results of analyses. It has been thought better 
in summing up the radicles determined to give the total solid 
matter as it would be weighed on evaporation to dryness; that 
is, with the carbonates as normal salts. The change on evapora- 
tion is represented by the decomposition of acid calcium ecar- 
bonate, Ca (HCO;),—CaCO;,;+CO.+H.0. The ratio of 2HCO; 

11 
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to CO; is 2.03 to 1, or, with sufficient accuracy, 2 to 1. . Therefore, 
one-half the weight of the bicarbonate radicle, HCO;, is sub- 
tracted from the sum of the radicles as they are in solution, to 
obtain a figure representing the probable amount of solids left 
by evaporation to dryness and heating to 180° C., according to 
common practice. 

The amount of mineral matter in solution is given in parts 
per million instead of in grains per gallon. To avoid any con- 
fusion at this point the following considerations may be pre- 
sented with certain simple rules derived from them for changing 
data in one system into their equivalents in another: 

1. One liter of water weighs 1,000,000 milligrams, and it fol- 
lows that 1 milligram or 0.001 gram of solids per liter of water is 
equivalent to one part per million. 


2. One grain per United States gallon is equivalent to 17.118 
parts per million, or 0.017118 gram per liter. 

To change from one system to another, therefore, the appro- 
priate rule may be selected from the following and applied to 
the data at hand. 


~ To get grains per United States gallon from parts per million, 
divide by 17.1; or from grams per liter, divide by 0.0171. 

To get parts per million from grains per United States gal- 
lon, multiply by 17.1; or to get grams per liter from grains per 
United States gallon, multiply by 0.0171. 


RECOMPUTATION OF FORMER ANALYSES. 


Though there is at the present time very little scientific jus- 
tification for representing the mineral matter dissolved in water 
in terms of compounds, it has been the almost universal custom 
till very recently. From such theoretical combinations the tem- 
porary and permanent hardness of waters have been determined, 
their power to form boiler scale has been calculated, and the 
nature and amounts of the agents necessary to soften them have 
been decided. It is not necessary for any of these purposes 
to assume the existence of compounds in waters (see p. 161). 
Many persons, however, prefer to have an analysis of water 
stated in terms of compounds, and it certainly is necessary in 
the comparison of the qualities of two waters to have the analyses 
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expressed in the same terms. For these reasons it seems desir- 
able to make certain statements regarding the relations of the 
two methods of stating results and to give a logarithmic table to 
facilitate the conversion of the data of one system into those of 
the other. 

In the calculation of the results of analysis to compounds the 
practice is by no means uniform. Perhaps the most common 
method is as follows: Granting that the water contains the 
usual kinds of mineral matter and is acid to phenolphthalein, the 
bicarbonate radicle is calculated to calcium and magnesium in 
order till it is exhausted. The remaining calcium and mag- 
nesium, or very probably magnesium only, is calculated to sul- 
phate. Any remaining sulphate radicle and also the chlorine 
are: calculated to sodium compounds, and to potassium if that 
element is separately determined. Silicon, iron, and aluminum 
are commonly reported as the oxides. The calculation must be 
varied, of course, in accordance with the water in hand. This 
statement applies to a typical Iowa water of moderate mineralli- 
zation, | 

In order to facilitate recomputation of analyses of that nature, 
a table of logarithmic factors is given. It contains all the com- 
pounds that have been found in converting the data of old an- 
alyses for use in this report. Column A contains the logarithms 
of the chemical factors necessary to find the radicles on the left 
from their compounds on the right. For example, the factor for 
computing the amount of calcium in calcium carbonate is 
40.1+100.1, and its logarithm is 0.6027. In column B are the 
logarithms of the chemical factors plus the logarithm of the 
factor necessary to convert grains per United States gallon into 
parts per million. According to a recent determination of the 
Bureau of Standards, this factor is 17.117967, or, with sufficient 
accuracy, 17.118, and its logarithm is 0.23345. The logarithm 
for computing parts per million of calcium from grains per 
gallon of calcium carbonate is, therefore, 0.8361. Ag is usual 
in such logarithmic tables, the characteristics are omitted. It 
is hardly necessary to state that one may obtain logarithms of 
compounds corresponding to radicles by subtracting the appro- 
priate logarithmic factor from the logarithms of the weights of 
the radicles, 
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Logarithmic factors necessary for recomputing analyses. 























Logarithmic Logarithmic 
Factors | Factors 
Amount of— In— || Amount of— In— 
A B | A | B 

Cases CaCOee a2 cose 0.6027 0.8053 0.0388 
Case (Stef) GPE ae aes 4691 .8717 1052 
Cazere Ca (HCOs)2_-- .8934 7825 -0159 
Capt = Sh OL Sete ees .5577 6769 -9103 
Cakes as Oe Os eee 8542 8485 0819 
DM eee tessa RES CS Ogee ones .4605 9018 .1358 
IM eee eee DiS SO p= 2--= .3060 8298 0632 
M pees sss NGS Clo oo esceee 4077 7411 9745 
Mi gees oe Mg(HCOs)o--.| .2218 6142 .8478 
Mgeesticc okt MZ Or Siete ee: 7807 0791 .3126 
MigreE casey MgoP20;------. 8399 T7717 0112 
Wabtete 222 3. NasCOg se se 6381) 8520 .0855 
IN ge eee esd NaHCoO3----_- 4381 7524 9859 
Nae Eeeaee Ss: PMING,SOe ---sea= -5109 6373 8708 
IN Quieres. 6c No. Cl e=e~s=— 5955 7141 9475 
Nae Be INGO =e 8706 1347 .3681 
ie? wavy ESS WeCQs- eee -7529 |, 0248 2583 
Ree 245 SERVES WWoSOQin- ees 6523 1091 .3426 
ces ie: Nk) apr eS -7200 9393 VI2T 
fede ler ss ee KOs se ae .9193 0545 2879 
1auns so ace 1K COn =a 5921 9140 1474 
rece. | WePtGle oats 2078 8397 0731 
Heusen S.: F’egQn-—-=-- == .8449 9777 2111 
Poise Set NW FeCOs3--..---- 6833 6918 .9251 
VG We 2 A ea PilaQecateeenee ~ 7245 











CHEMICAL COMPOSITION OF WATER BY DISTRICTS 


To facilitate the study of well waters in relation to geographic 
distribution, the state has been subdivided into eight arbitrary 
districts (see fig. 2), known as the northeast, north-central, north- 
west, east-central, central, southeast, south-central and south- 
west districts. The composition of the waters will be discussed 
according to these districts, the analyses within each being ar- 
ranged alphabetically by counties... The tables contain both 
analyses of well waters made originally for this report and those 
received from other sources. 


NORTHEAST AND NORTH-CENTRAL DISTRICTS. 


The northeast and north-central districts contain most of the 
slightly mineralized water of the state. The quality of the wa- 
ters in the two districts is so nearly the same that both may as 
well be considered together. 


With two exceptions—those of the deep wells at Bancroft and 
McGregor—the solids of the deep-well waters do not reach 1,000 
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Figure 2—Map showing division of state into districts, and the average min- 


eral content of waters of deep and shallow wells in each district. 
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parts per million, and in only three waters do they much exceed 

500. The McGregor well is unnecessarily deep, for there are 

several others at the same place and at North McGregor which 

have only about half its depth and yet yield an abundance of ex- 

cellent water. Its excess of solids is due to salt, and it is the. 
only well in these two districts that shows this substance in con- 

siderable amount. 


The following table shows the average amounts of certain con- 
stituents carried by the deep and shallow wells in these two sec- 
tions: 

Average mineral content of waters in northeast and north-central districts of Iowa 


{Parts per million] 



































| 
| ey 1 
| “ay iM ‘] o 
a 2 
f 2 Ba = 5 a 8 
= ‘ss q Lo4 23 a 3) a 
Source ° 5 S q “3 e va = 
2 @ gs om =| q ° 
3 3 S 5a © yehwice z i 
° 9 oD 33 am a0 iS) S 
= a o ow ee eke r= o 
65) oO = Nn faa) 2 é) H 
Northeast District— | 
SO WED Wells) ..-.=.2-| 10 63 81 28 321 88 24 351 
20 shallow wells_..--- | 15 89 32 16 347 83 12 388 
North-Central . 
Distriet— 
“(deep wells 22-2. -.2-— aL 87 83 20 328 92 14 439 
37 shallow wells --_----| 18 99 | 32 2538 418 68 8.8 454 




















aThe sum of the constituents minus one-half the bicarbonate radicle. 


The average solids for the deep wells and for the shallow wells 
of the districts are nearly the same. The best wells of each sort 
contain about 270 parts per million of mineral matter. The shal- 
low-well waters are as uniformly good as the waters of the deep 
wells, the only two shallow wells approaching or reaching 1,000 
parts of solids being those at Bancroft and at New Hampton. 
The waters of a few of the best wells of both classes contain 
about the same amounts of solids as the waters of Des Moines, 
Iowa, and Cedar rivers, which rise in these districts. The shal- 
lower wells, unlike many in the southern and southwestern parts 
of the state, are not commonly located in the flood plains of 
rivers. In fact flood plains are less common in this part of the 
state, the rivers more often flowing between bluffs of consider- 
able height. 
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With the exception noted at McGregor the waters of the dis- 
tricts are entirely normal—that is, they contain for the most 
part magnesium, calcium, and bicarbonates, and the harder ones 
contain notable amounts of sulphates. They are the best boiler 
waters of the state, as well as the best for general municipal 
and industrial purposes. 
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CHEMICAL COMPOSITION OF WATERS OF THE NORTHWEST DIS- 
TRICT. aes 


Hard waters abound in Kossuth and Humboldt counties in the 
western part of the north-central district of the state, and in Hm- 
met, Palo Alto, Pocahontas and Calhoun counties in the east- 
ern part of the northwest district. Hard waters are, in fact, 
the rule throughout the northwest district, the average in total 
solids for all deep wells within the district being 1,425 parts, 
and for shallow wells 857 parts per million, as indicated in the 
following table: 


Average mineral content of waters in the northwest district of Iowa. 


(Parts per million.) 




















| 2 m. © 

ee a core] 2 2 = 2 

By eS = rs] — Ph o Ko) 

2 ire 4 cE-Fe = 29 © = 

Source ni ee = aR 5a SH Ss ) 

tots ® Bay | 3396 oP 8 3 

3 = rs Sha | Hod a0 || m i=) 

os iS do comoe 4 Som ES cS se! 

5 w s of | Que Se ae ° 

n iS) = | @ faa) nN Ss) = 

| | 
9 deep wells----------| 16 | 210 67 181 873 719 10 1,425 
60 shallow wells------ | 24 160 48 / 60 420 321 Or 857 
| 

















aSum of the constituents minus one-half the bicarbonate radicle. 


The deep wells, unlike those of the northeast and north-cen- 
tral districts, contain hard waters as the rule and soft waters as 
the rare exception. The only deep waters containing less than 
1,000 parts per million of solids are those at Emmetsburg, in 
Palo Alto county, and at Manson, in Calhoun county. The 
former belongs to the class of those considered in the northeast 
and north-central districts, for it contains only 410 parts of 
solids. The well is in a location where the Cretaceous forms the 
surface rock. The shallow wells in the county yield hard water, 
and the Emmetsburg well is probably one in which the casing 
was very successfully done, the upper hard waters having been 
effectively excluded. The well at Manson is the only deep well 
in the state whose water was found to contain normal carbon- 
ates; the magnesium and calcium in it are very low, the solids 
being mostly alkaline chlorides and sulphates. It may be ques- 
tioned whether its comparatively soft water and its alkalinity 
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may not be due to contamination by surface water owing to 
faulty casing. 


There are few deep wells in the northwest district. Out— one SH 
c. course, possible that future borings may develop the fact that 


good deep well water may obtain in this section. 

The waters from shallow wells show a very great variation in 
quality, ranging from those comparable with the best well wa- 
ters of the northeast district to those containing more than 
2,000 parts of solids per million, as in O’Brien county. The wells 
in the river bottoms, such as those at Sioux City, supply waters 
almost uniformly good, but the deeper drift wells usually con- 
tain hard water. Of the wells which do not enter rock and 
which supply soft water a large proportion are known to de- 
rive their water from river alluvium. All but two of the re- 
maining wells of this class are located near rivers and may get 
their water in part or wholly from the same source. It may, 
therefore, fairly be questioned whether any considerable num- 
ber of wells of this district supply slightly mineralized waters 
wholly from the drift. Aside from the two deep wells already 
discussed the well of Henry Steinecke, of Aurelia, which is sup- 
posed to enter the Dakota sandstone, is the only one in the 
district so far as investigated that enters rock and supplies com- 
paratively soft water. 

Detailed analyses follow. 


5 wd 
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CHEMICAL COMPOSITION OF WATERS OF THE EAST-CENTRAL DIS- 
TRICT. 

The following table of averages is made from analyses show- 
ing great diversity in the quality of the waters, in both the 
deep and the shallow wells, of the east-central district. 

Average mineral eontent of the waters of the east-central district of Iowa. 


[Parts per million.] 
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aSum of the constituents minus one-half the bicarbonate radicle. 


On the Mississippi at Clinton are many deep wells whose 
waters are among the best, having only 100 parts of solids more 
than the well waters at Dubuque. The Clinton waters are really 
not harder than those at Dubuque, as hardness is ordinarily 
understood and determined by the soap test—that is, their eal- 
cium and magnesium are no more abundant and their excess of 
solids is made up of alkalies, chlorides and sulphates. The 
same is practically true of the wells at Davenport, where the 
waters carry more than 1,000 parts per million of solids, but 
fhe calcium and magnesium are actually smaller in amount, the 
excess over Dubuque being due to the alkalies. The tendency 
is for the amounts of sodium and potassium in well waters to 
increase down the river until at Keokuk these radicles amount 
to about 900 parts. The deep wells at Tipton, in Cedar county, 
at Vinton, in Benton county, and at Cedar Rapids, Monticello, 
and Green Island all yield good water. Vinton may be regarded 
as about the western limit of the area of good water, since the 
well at that place yields only lightly mineralized water, where- 
as those farther south at West Liberty and Wilton contain 
more than 1,000 parts of solids. The line from Vinton through 
Towa City to Davenport forms the southwestern boundary of 
the district of good deep well water in the district. This hne 
coincides in a general way with the median line of the strip of 





i res | 
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the Devonian rocks whose trend is from northwest to soutieast. | 
(See Pls. I, 1V.) Southwest of this line all deep-well waters 
are comparatively highly mineralized, as shown by the anal- 
yses from Amana, Homestead, Wilton, West Liberty, and Grin- 
nell. The average solids in deep-well water at Grinnell since 
the first well was drilled 15 years ago have been about 1,200 
parts per million, but well No. 2 at its best contained only 881 
parts. It is probably true generally that wells penetrating thick 
layers of Carboniferous and Devonian formations, as at Grin- 
nell, take from them more or less of their waters, owing to im- 
perfect casings, and the waters yielded by such wells rarely 
or never show the quality of the water of the deeper sandstone 
formations which they penetrate. 

The waters of the shallow wells of the east-central district 
show great variation. Generally speaking, those in the eastern 
and especially the northeastern portion have low total solids 
and are to be rated with those of the wells of the northeast 
district in regard to quality; probably they draw their water 
from drift having the same origin and the same general charac- 
ter. On the other hand, wells in the western part of the district 
have, as a rule, hard waters. A well-marked area of hard waters 
from wells in the drift and upper strata may be considered to 
center not far from Tama, in Tama county. All waters in Tama 
county, so far as investigated, are hard with the exception of 
that from the very shallow city well at Tama, which probably 
derives its water from the underflow of Iowa river. The 
area includes numerous wells, many of them flowing, in the 
noted Belle Plaine neighborhood. As far south and east as 


Marengo flowing wells deliver very hard water. It is possible 


that the same area may extend as far as Amana and Homestead 


and may account for the hardness of the waters in the deep 
‘wells at those places. Farther south, at Williamsburg, the drift 


wells yield waters that are comparatively little mineralized. All 
wells investigated in Poweshiek county, save that at Brooklyn, 
yield hard waters. It is probably true that the Brooklyn well 
is not exclusively a drift well but obtains its water in part from 
river alluvium. 
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186 UNDERGROUND WATER RESOURCES OF IOWA 


CHEMICAL COMPOSITION OF WATERS OF THE CENTRAL DISTRICT. 


The central district of Iowa contains few deep wells, but they 
are fairly well distributed. The northeastern part falls within 
the territory of good deep wells. It is an interesting fact that 
in Hamilton, Hardin, Grundy and Marshall, the four counties 
nearest the northeast corner of the district, in all of which the 
artesian possibilities are probably best, there is only one deep 
well, except the deep gas boring at Webster City, which probably 
receives water from all horizons and therefore can not be used 
for purposes of prognostication. 

The one deep well is at Ackley, in Hardin county. Its water 
contains 605 parts of solids per million and is the best deep- 
well water in the district, if judged by total solids alone. Fort 
Dodge has the next best deep well 1n the order of solids, but not 
in the order of softness of water. Though the well at Ames, in 
Story county, and at Jefferson, in Greene county, supply waters 
containing more than 1,100 parts of solids, these waters are as 
low in calcium and magnesium as the waters from the deep wells 
at Davenport, and, as at Davenport, by far the larger portion 
of their solids consists of sodium chloride and sulphates. The 
waters of all other deep wells of the district contain large 
amounts of solids and are also very hard, as rated by their con- 
tent of calcium and magnesium. 

The average mineral matter in the waters of the shallow wells 
of the central district is about half that in the deep-well waters, 
the ratio being 873 to 1,759. The waters of the shallow wells are 
not excessively hard save in Marshall and Polk counties and in 
the region immediately surrounding Colfax in Jasper county. 
There is a rather close analogy between the mineral matter of 
the Colfax waters and that of the waters of shallow wells at 
Des Moines, and the wells at both places apparently draw their 
waters from the same source, the Upper Carboniferous or Penn- 
sylvanian. The shallow-well waters of Webster-and Hamilton 
counties are moderately hard. All other counties of the district 
show shallow-well waters which could, at no great disadvantage, 
be compared with the waters of shallow wells in the eastern part 
of the state. 
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Average mineral content of waters of the central district of Iowa 


{Parts per million.] 
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aSum of constituents minus one-half the bicarbonate radicle. 


The average total solids for the deep wells of the district is 
1,759; they vary all the way from the 605 parts of solids at 
Ackley to the 4,369 parts in the deep well at Newton, which 
is now abandoned. Newton now draws its water supply from 
driven wells in the valley of South Skunk river. 

_It is very probable that the four northeastern counties of the 
district should be included with those of the northeast district. 
They have no deep wells but from their location should have 
good deep artesian possibilities, though, of course, as the. four 
counties lie farther to the south and west, water of the same 
degree of freedom from mineral matter could not be expected. 





UNDERGROUND WATER RESOURCES OF IOWA 


188 



































‘od O85 1G of 0 es 008) 1a mtn pe oleae. 1g" Eat Obese oe oe RBTTOPT- $8 1G Sones a Tyee Sreneeao==ea= BIO 
cipacctmee pt Zu coy | er "ler aut oe fen fee 8 el 6 ee RDIOR Leapte fe ere rey a 
Sie. oF pam, COP 6L & ike | £ Np ce uBIddississ! ao Sa ee a “gay | tron raccoon 

| | | saat , | 2 | ¥G (dQ ISSiSsl] Oleg uypor “sayy Soppoy 
| | Sa | Aung urpaey 
UOSXHPUSH “S “M | 88S Ti-|="|Z8E Lov. ts: Ge a ms aos ee 1H RO sere ores bias ie VWI |0T-06| (Stlaa\ TetoAas) 441g |------------- oO 
SUIQeM “GT “L£ \S°Te0'L] OF |" "\STs [266 |. ott ANN Ce Tired ea le pe SGuBia ele er BUeTVry ose". det eames sep ee ae 1B pg 
od poy es OL |" \e88 909 | 8&1 &9. |&% ne a a) ae apm CR 8) ie alee 026 —41"S2= = AroUtvoIO Pera OT : 
aopiAud “W089 [owed | or l—lesk eae | ee ae ee ee ee eat "O09 *ST ULSAN 
! ake 5 5 __|88h 666 5 G |96 nag ee ee he a eae SHOLITOGIV,) |oFF |YIION YW OSvoawyp |---77----- DIOFIVAYS 
sarpmneds SH | 108. |8 0 oSF 53 93 109 Be es ORS EAT Dane ieee mae oe ibd ig Gale) die eens USNVMA “OT ae ener POREHEO: 
desuegd “ad “Wt S9¢ PTS Fa ISh7 | 06 6& (901 i5" ee LCL oo SNOLTeFMOGIVD | gze 9 |--------- Byori BO) |" te Od oqUeIE 
uosxypueH “S “MM |) off | 03 |-|E laIg | ge 06° Ser) sg Mg ee ee ior sauloy_ saq |ogt  |-------------- kyo [room - omar 
supineds “S§ “H | 4:8 |e "10 OFF NE> CM OP | -See4 6g Sith Pog aaa CL Gin Teer a ODM eae, 16 == WOMuLign Ee Mc | Saee (IOMSTA 
UOsxNIpueH “S “M | G&L @-|> |Sat 089 |°--S4 LA APN Bal mace neo Gari Ree eran vais? sors WIG | 4) ae =) AJUOURIN “UO fs ee aes aqurosund 
) ; 
| | Ajyunoy wojpuey 
‘od SFO SE.\—2 PEL, leh | GE cP +1681 | Soe a teenie Di Sea Pent ae Engel es EET 29. Pia eee 2 OD 4725 Gaie ee qino0d1e A 
‘oad | ge0't| of "-\¥ez ete | 69 lost |---| let | tee Papen 
‘W z =e | feces GAT uefa SNOJaFIUOGILD |00OF (|GWON WY OFvaIYOQ |------------- 6 
uosplAvd W “Oey | 6s9 OL |" |906- | Tar 9F (SOL 8° (igs econ Oa Sta ae aUBiMmoAed |029 =F op eee Sean aRsst=as eon 
‘od vig | % | 7[ASL SF Sy tea ish ee gy cheer p meee yoow |g |--7---~-=—--- SQ | 
‘ Cay 80ST) FG | )264 oer | ge Coan ee om hemi Papa Guo oe uvrddississif |ygg 9 |----> wide, £yUNOD |=-2----==--- od 
UOsxEIpuaH *S “AM | 298 | FFI\~|G06 OTF Ob SVE ES ee ee Daa |r par wepso0f |)28°T |~--- (Tam ket) «4919 | =---- =n aspoqd WoW 
od | G69 S |S EE oer | 2 EB eee ie oat i ah eal oar asia er) OD eR EG Wig ete ee OD Ra ls sae st eee, od 
ey ae ‘oO ‘AY UWIAqSaA 
HOSprAvd “W “99D | 8I8 § 86 129 ¥6 Se See bo ek sede lag) Syn ee eae ee aad > atid | \UWON % O8¥dIq” |------------- oa 
aOsxiipueH “S “M  F29 OL | 1s06 |998 | O04 PISS “Oia Salo We R= =s-s== ROOUIWPUHT [860 pts oe Op ----~ |-------------0q 
UOsplAved “W “09H Z6G 4 |777 189% e _ 9% 169. |----~ Str heh a[e ara tae hese ees T3[ EG SBrG9i> pass cae eee SO |\ ===> nOIAeg 
| | j | 
| | ent IO. AyUNOD 194SqoaA 
4 QO 14 n 22 fe lg = Sd ok Q!] > = Oo} @ : ‘ 
2 |2 2 lac lge/s |S le /£\= 8 |aek| = 
S 2 is joo jo8 | |= (8 i sig | 5 lebals i 
Pe: a+ & 5 mn c ® c r a 8 Oo} » ima 
812 isle issis |FlB ia e LAieeels 2 
ystaTeyO Se Sea al ep: Bao Sto) SS Pe or eS TaNYelIS ay JoUM 
JO oweN a 16:12] .3 ms chs Sel Ge 9 8 >Bx| 189M0'] JO BWeN 4 O AW[BI0'T 
bee ° aliQ ~ ae oo ha bi _ 
: Bett es fa |S 2|~|> bes 
7 RW bat R *% ~B 
e | 















































[:uompu sad svg] 


‘pnol {0 POUAJSUP [DAQUID AY UWL 4aqD {O Sash nuy 


189 


ee ne 


ee: 


bi Dy 
> 





_* CHEMICAL COMPOSITION OF UNDERGROUND WATERS 


‘od 
UOSXLIpueyT “S “AA 
ssjualq “N ‘O04 
UOSPpIARq “JT ‘O05 
suvM “A “L 
uOsplArd “AW 70a 


‘od 

uOSxXLIpusH “SS “AL 

SSI}UeIg “N ‘Ov 

WOSpIARd ‘JT ‘Oay 
“OG 


UOSXIIpuaH “Ss “AN 


UOSpIARd “TT “09D 
supineds “§ “-H 


uosplAeq “W *004 
qjouueG “VY “V 


‘od 
UOSpIARd "J ‘Oey 


SsIWUdIG “N ‘Oor) 


‘od 
uosx|IpueH “S “AA 


WOsplaed “W “005 








I 


821 


mo wa 








---iet — |96r 
--—|068 ‘T/STS 
=2-lo-. 1eey 
---lget_ oor 
---lotg |Foz 
lot |zee 
=-"l9gh |u23 
~-lo | pas 
---lge — |o6r 
amici -|o0F 
lt = logy 
---lr8 |oog 
---lez |ner 
---leg |gor 
~--l56 ozo 
---l9ge {361 
—-leg lous 
~-l9 — |zos 
---l0gL 99% 








éL 


G6 














G'S Cpe arr 
Bahra g 
Semen Se L 
Be 2 eee 
¥ CRN Ras 
9 Ue ee 
I 1 gees A 
I a ee 
Pa ee eee ee 
a----| 7 |5----- 
ae g |------ 
a ea eae i 
ee ae 9 
T 1 | 
(OO) Ae Ee 
LP) aed eaten 


es 
ve 





OF. 
cL. 
6 


eT 








uRpslo(? 


“-“-“ToJoq’ WIRY MOTE. 


WIGS re - traci es BPaCcas 
aenenasnena--= Op 
det ee: op ~----- 
Rig ies views gee purg 
*saum04s 


-pues Ueliquryg sul 
-A[fapun IO Yyouqseid 


Eas POLL Bae eT 
———“Jejad JUVE MOTaET 


souloy, sad 


eheane mem Oy seams 


(4) Werlddississiyq 
Et a Se aOART 


ps oars UBIGGISSISSIAL 


\ 


aa A oe 


« 





cooremmemn= OOUTAPULS, 


008 
086 
00L 


PLE 
GIS‘S 
16 


008°% 
FOL 
OOL 





WIM "OH 


AYO 
[00 ‘AY W19789A4 

(ION ® O8vaIYO 
ISIIO) 9IVIG BVMOT 
Pere ome castes CA CIL) 


ie ian al ~~ AYO 
Ls PE OC LOLES «a 
PRA Seee eee 
‘OD “AY UrTeIsSAM 

QWION Y O#8vdITO 
op 





"OD ‘AY UlO}SOAA 
WON YF oOFvaIYyO 
fae ye ee 
"OD ‘AY U10}SaA 
lyon FY OFvaIYO 
Brae Pee aes AID 
"OD “AY UsaIsEeA 
WON YY oFvo1gO 
"0D “AM W10}80 A, 
UWON FY OsvoryoD 
5 


‘sa Invg 39. 


OOYNEM[IA ‘OFRoIGO 





Sr ae aie 
an pe UORMOO Lk 
CH hs 


‘99 ‘SY W0Se MA 
ON FY OFvoIGO 


2 


porate Cree ean 
Ne: i) ae 


— |yg40 ose 









ee eee PEAONe 


DIpeW 
SSP SSS aLYG| 
Sore ety 
-----------+-- auo0og. 
Ajyunog ou0o0g 
wie EES EEA 
Saar ake OUB Tag 
eee OO) 
----------- uosIayor 


EAL 


-~-dorjounr puri 


idoo09 

Ajyunoy suai 
TTT, aque 
“oes pueoH 
---- Jajyue9 + Apunsg 
= eee ome Cae Patt OP 
; symM09 Apuniry 


w-=--=----g1 ey BAOT 








UNDERGROUND WATER RESOURCES OF IOWA 


190 













































































‘od SPL‘T, 19 \~~~\S68 098 ose =| se «|26 z P(e (eh soe ee OP ene 80g (Sas ge OD ree. | ee ee Ol 
‘od 0's 8g HT ¥88 ii jo | TY g [at po wo eyddyssissy [ect = “Toousg Teprysnpuy |--—"—~ OPA TIIGON 
F *souo4as ; 
| pues uvlquro su; 
UOSXpUeH “S “M | ThO‘Z| FOL\"~~\O8L‘TPZL et [TFS | vet |2te| & | OL|-~7~"|¥"b | AGepUN 10 Youqserq |000' |"~ AIVq PooMusery |~-~-~--------og 
sIAvqd PAOLA | 8IZ‘s| LO1|~~~|916‘T\onc GOS "08:~ (6SScle hata aiicsese | MPL Crowe es a nae OD ries HSE) alpen cre OSMOUPINOL) |e ayes OG. 
6SP‘T; G8 i--"\084 |48g |¢ 605 | 6 {3 oar Nceeeasd 1 Bere ee eG op 984 |~"l00qdg epIg 480M [7777777777 o"-Od 
WOsx!IpueH “"S “M | 904°) LOT\"-" G9g‘Tizte |4 lee |eg jee} ¢ cea fae ee a SOLOW 8a G0. | ae ALBIQ UT. AI sac aera seujoW, sed 
4 | 
| | | 4yun09 10g 
‘od | age | g mea Meee 03% go fag tne lem -\t 1g Gee) | ear aa Bee sia EL solo sear ae RODE sacle sae ae Od 
ssqqUalg “N ‘08D 6Fe Be or 19 Gee aa fe Cn Eee rs ST 14 Geeta (ers (STIOM °Z) ANID |e og 
. | | Ayunop $seiyed 
SGRk UME FSA POs Scr ee: OP: Ie tee fe Weiss ee cee actos ur ce me ren ORT Wyre ene rere AS rr a 
‘od #56 801|/"""|89§ |SLE rans ES NBL, Aone = ahi a biraaael [aie ee eee oto ape ome yor Poe Po ee OP a he eee ee OC. 
ssiqUoIg “N ‘08D G8 Aa ae 9LF Cb VE HEB: I coca aeealae acl aes [ote al tt eiee SROOOBIOIL) IOLLG: Wgerer are ToT *H |~-7-777--->~—s wopure 
UOSXHIPUeH “§ “M | 062 vL | \6h =| FT’ ST SEY OO Fan as cote ce LG). noma ea enema OS LECT Kod nara (SIEM 4) AYO |---~ JojyUIO oslIgynyH 
| font | ‘090 
. rsd ee | “AY Ned 49 ¥ 
SsIqUaIgq “N “09H | 618 & |7-"|63 leer Ir CE LG Pier 5 ellen. its 4aiioh Yenats ee SNOdDBJOIO OZE jsoyNVA[I ‘OsvayO |~------——----— ACT SUT 
| | | Ayunog eyyny 
‘od | £88. | 6 \777 982 SFG SIL | a |98L | 2 |e Sey Naren en aot eS GLE)” a ews, seg |e eeeoer tog 
uosprAed “W ‘09H | ggyts| 4 |7~"|\FEs‘T Z9O'L| IPE | 9ST \S¥s |--~-~|-~~~|FT B63] Sen ee ee EE LEO he Ppa AYO |-—" "> JaquaO 07%9g 
SAR aaL AON NOOR: pe 108 Aes: [oue IS. CISA SP* POLL (oT RAMOS E eo PLL (== AOWOT “MA | oae SOPOUT 
UWOsplAvd “W ‘Oa | 108 | & |~""|\9F [893 &L (yon ie fae gel eng g We hee japan crs se, BUCS OR) Li peme cocna eo PA (OW erties Ser se od 
uOsxiipusH “S “M | 796 | 89 \9F [Fae lecs jo [Se | Th |46L | @ [2° [OTe |r on gg fo «edt [epygyry |--—~  UAO TT BASIE 
| ! 400, Ayuno0p [eysiey 
i { | | | 
2 accion: 
Z n mM | Q 4 n 
3 G lelnele2l so (S| RIS) EIS |wae ® 
sy o is |Su 25/8 |E | w 2/5/52 wala S 
ae Sa at Ne fa =e i (AP a i= 
mn lod © |Up AS | : 5 oO bj On ®@ = 
° Bow +|tHo)| ¢ @ Bs) Balbo lomo wm ° 
Jo owen = Se ere OR. IZ\B le B | |>Be| 2 SOMO] JOOMBN — 4 ! 
= 2 O20) ap si ~ —~ | FS O° ~~ | = 
8 Seep I ) P| eRe | 
ee eat = pe a asi 
5 | | | | 
a | J 











['uol[fur tod sz1vq] 


‘ponuyju0p—nmoy {0 2)2u2S1p 104.U29 OY}? UW 4aqnM Jo sashinuy 


ctw 





191 


. 


a” CHEMICAL COMPOSITION OF UNDERGROUND WATERS 


qoleUM “CM | 


Priyaiw “9 snot 


Ieuung "0 ‘a 
suipineds *§ ‘H 


Teuung °O “ZT 
“ wa 


surpinedg ‘§ "HH 
—WOsxfIpueH “S “MA 








“--l6,, |ze¢ TP SO OIE wet aaah ee 6 
“~"(Geh‘1/z4°L.8 — |S0F eae ape ie ae SSE 
--"| 682/901 868 pares arab | Cate Hes 


OIT‘T|z99 : we ler 
GB |68% : Cp (at) | esi oT 








aoa] Saat 3 -<--- 


Sa ie Fea eee 5 ¢ 


“1 
t 
ct 





2) 998°2="OD 99194 


“afaPVI 9JVUOQIVIIG oY} J[VYy-su0 Snusur syueNnqIysuOD 943 JO uNgD. 


hie eae OD-bae ae) OCF, 


s----===-= eI ISsISsITT 
ins aren ewe ane eyoyonbey 


--~ "== snolaymoqiv9 
tee een te u10330q TOAIY 


f 


re ee on oo oo 


Se re en we een ee ee nee 


RECN PERE i UP ea, 


op sescet 


SSrseaceas Welddyssissi7y 





ose 


TLe 





og “sy sot | 
‘48 silodveuuly |------------ 103MaN 


ane 1o}OH Puig ~~~~-~~"--~_xBFIOO 


sen------------ AUD no = ATOR AGN, 
: "090 * AY 

wPed FY purl 

“SI Woy ‘o3volyO (-------- AUD oserg 

aose-e (@AlIp) AYO paaaenn ss Rg MON 

"0 he 
wher Y pus 
8] sooy ‘osoqyO seen eee ee 


Pek ee 8, 
Agere gin T90H SiIt 


-|-"""" 1019849 SAaN 


aaa r Site WINnIIvyUueg 





192 UNDERGROUND WATER RESOURCES OF IOWA 


CHEMICAL COMPOSITION OF WATERS OF THE SOUTHEAST DISTRICT. 


The rocks of the Mississippian and Pennsylvanian series, — 
which lie nearest the surface in the southeast district, as a rule 
contain highly mineralized waters. The waters of the Saint 
Peter and the deeper aquifers are much better but are neverthe- 
iess more highly mineralized than the waters of the same aqui- 
fers farther to the north and east. In a.number of deep wells 
the higher mineralization of the water may be ascribed to de- 
fective easing which allows the sulphated waters of the country 
rock to enter. When deep wells are being drilled the waters of 
each aquifer should be analyzed and all deleterious waters should 
be thoroughly cased out. Such precautions and the use of inner 
tubes leading directly to the lower aquifers will probably greatly 
lessen the danger of failure. The least promising part of the 
area is in Keokuk and Mahaska counties. In quantity, the 
artesian supply of the southeast district is unexeelled within 
the state. 

Average mineral content of the waters of the southeast district of Iowa 


{Parts per million.] 
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16 deep wells_____.--__ 15 143 | 56 463 285 998 256 1,978 
29 shallow wells_----- 7A ae 165 82 | 188 367 1,040 69 1,931 





aSum of the constituents minus one-half the bicarbonate radicle. 


All deep wells of the southeast district yield hard, heavily 
mineralized waters. The best are the wells at Ottumwa and 
the very deep well in Crapo Park, Burlington. All other well 
waters at Burlington so far as analyzed are very hard. The 
great amount of solids of the wells reaching only into the De- 
vonian may come largely from the Carboniferous, at any rate 
in the Clinton-Copeland Co.’s well, for that is cased only to a 
depth of 70 feet. It is evident that this water does not sensibly 
enter into the Crapo Park well, a fact which is difficult to under- 
stand, as the well is cased to 18 feet only. This water is very 
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high in incrusting solids and also contains large amounts of 
sodium and potassium. Water of about the same amount of 
total solids but lower in calcium and magnesium and higher in 
alkalies and chlorides is found in the deep wells at Keokuk. 
This water as it occurs at either place can hardly be called suit- 
able for any purposes save for extinguishing fires and sprink- 
lng streets. The waters at Ottumwa, Washington, and even at 
Mount Pleasant, may be used if no better can be obtained and 
if a great deal of mineral matter is overlooked for the sake 
of probable organic purity. 

The wells at Keokuk end in the Maquoketa, and those whose 
waters have been analyzed have about the same depths, 700 to 
769 feet. The three deepest ones have about the same amounts 
of solids. The Young Men’s Christian Association well is cased 
only to a depth of 56 feet, which is probably to rock, and hence 
this well, and probably the two deeper ones, receive water from 
all penetrated strata that are water-bearing, as the quality of 
their waters is the same. It seems probable also that at both 
Burlington and Keokuk no serious attempt was made to ease 
out upper waters in the wells whose analyses are here given, 
though it ought to be easily practicable in wells of such depth. 

Shallow wells from 100 to 300 feet deep seem to be rare in 
this section, for few could be found. Apparently, with the ex- 
ceptions noted, the people are dependent on river water in the 
larger towns and on very shallow wells in the small towns and 
rural districts. The number of shallow wells investigated is too 
small to permit very definite generalizations to be made. With 
one or two exceptions all drift wells of the shallow sort supply 
soft water, while all wells which penetrate roek supply hard, 
usually very hard water. 
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CHEMICAL COMPOSITION OF WATERS OF THE SOUTH-CENTRAL AND 
SOUTHWEST DISTRICTS. 


There are few deep wells in the southwest and south-central! 
districts, and the waters of these are without exception hard. 
Some of them are too heavily mineralized to be used for any 
purpose. Three wells in Marion county all contain more than 
8,000 parts of solids. As shown by the well of Thomas Craig, 
near Knoxville, which is only 346 feet deep, the hard water 
probably comes from the upper rock strata, though it may come 
from the lower beds also. This conclusion is reached by com- 
paring the water of this well with the waters from the deep 
wells at Pella and at Flagler. The similarity of the solids in 
quality and in quantity indicates that the waters have a common 
origin. The character of the water at Pella has been used, per- 
haps justly, to discourage deep drilling in that part of the state. 
It should be said however, that this water probably comes from 
strata lying very little, if any, deeper than those in the Craig 
well, and not from the Saint Peter, in which the well is supposed 
to have its footing. If this is true, it is not impossible that 
the hard water could be shut out and a reasonably good supply 
obtained by using deep casings, carefully put in, in borings of 
equal or greater depth in this vicinity. The Saint Peter alone 
did not seem to yield enough water in the Pella well, and the 
casing Was raised so as to admit the harder water. 

~The best deep wells in the southwest and south-central dis- 
triects are-at Council Bluffs and at Dunlap, both near Missouri 
river. Though all are about equally high in mineral content, the 
wells at Council Bluffs have the advantage of containing only 
small amounts of calcium and magnesium, and on that account 
they may. be rated as soft waters. 
-~ Two deep wells at Glenwood, about 2,000 feet deep, yield highly 
mineralized waters but have long been in use, one to supply the 
‘city and the other the institution for the feeble-minded. The 
‘latter well is supposed not to go below the Silurian and its wa- 
ter is better.than that of the city well, which probably enters 
the Maquoketa, in containing less calcium and magnesium. This 
well has now been abandoned on account of contamination and 
insufficiency of water, and a new supply for the institution nas 
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been obtained from shallow wells in the alluvium near Missouri 
river. Water from one of the test wells contained 460 parts 
per million of solids. 

The latest deep well to be drilled in this part of the state is at 
Bedford, in Taylor county, and reaches a depth of 2,000 feet. 
An analysis of water encountered at 1,300 feet showed 4,827 
parts per million of solids, mostly salt, chlorine being 2,545 
parts. Another vein of very different water was struck at about 
2,000 feet. An analysis of water at this depth showed about half 
as much salt, though the total solids reached 5,373 parts per 
million. The lower water contains large amounts of calcium, 
magnesium, and sulphate radicle and the water last analyzed 
was a mixture in about equal volumes of the flows from the 
two sources. 

From the data now at hand the outlook for good deep-well 
water in the southwest and south-central districts is not en- 
couraging. The Bedford well reaches only into the Silurian 
at 2,000 feet, and its bottom is probably several hundred feet 
above the great sandstone formations, which are doubtfully pro- 
ductive of good water in quantity in that locality. Their depth 
is certainly at about the limit of practicable drilling, not to men- 
tion the great difficulties of putting down casings to sufficient 
depths to shut out the undesirable waters that have been en- 
countered at every point where deep wells have been drilled. 

Not only are the deep-well waters in this section highly min- 
eralized, but the same is true of every water analyzed from a 
well which is known to enter rock. The Carboniferous and the 
Cretaceous cover the entire region and seemingly supply hard 
water. On the other hand, no other region of the state is so well 
supplied with small rivers having broad valleys that contain 
water-bearing sand layers. At least a dozen of these rivers or 
large branches of rivers flow through the south-central and south- 
west districts, generally in a southwesterly direction, and enter 
into the Missouri. Many towns get their water supplies from the 
sands in the flood plains or valleys of these rivers. Notable ex- 
amples are Red Oak, Elliott, Griswold and Atlantic, on the Nish- 
nabotna, and Clarinda, Villisca and Corning, on the Nodaway. 
Where water is thus obtainable driven or dug wells in river val- 


CHEMICAL COMPOSITION OF UNDERGROUND WATERS 199 


leys in this part of the state are the best sources. Many districts 
away from rivers in Mahaska, Marion and Monroe counties find 
the water problem a serious one. In some localities gravel and 
sand layers in the drift supply abundant waters to driven or 
bored wells, and this is true over large portions of Mills, Page, 
Appanoose and probably Union counties. Union county seems 
to be particularly well supplied with water; at least four 
branches of Platte and Grand rivers flow across it, and C. A. 
White of Talmage writes that it contains very many unfailing 
springs, that there are large areas of sand and gravel which 
supply abundant water, and that there is probably not a farm in 
the county that can not easily have a constant supply of good 
water. 

Average mineral content of waters in the south-central and southwest districts 

of Iowa. 


{Parts per million.] 
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aSum of the constituents minus one-half the bicarbonate radicle. 
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MAP SHOWING MINERAL CHARACTER OF UNDERGROUND WATER WITH REFERENCE TO GEOGRAPHY. THE SHADED AREA REPRESENTS THE REGION OF LIGHTLY MINERALIZED WATERS. 
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SUMMARY OF QUALITY OF IOWA WATERS, BY DISTRICTS. 


WATERS OF THE DEEP WELLS. 
QUALITY. 

In this paper all wells that penetrate at least the Saint Peter 
sandstone, and all other wells more than 700 feet deep are con- 
sidered to be deep wells. 

The average mineral content of the deep wells in the various 
districts is summarized in the following table: 


Average mineral content of waters from deep wells in Iowa. 


{Parts per million. ] 












































. ad dere Ts 
La Bohs Set Baa 
Sy s o- wo 3) 
3 o re: rs eS a om EI = 3 
oD a io) me 5 n 
Ho | $e} g oe BO 3 2 
District Ook 4 = =} BZ tas a zs 
He? NM — Pee | o o ao 
o> se S| w g on | 2 q 2 
re) ws a | 3 o 5 is! n— a Soil nT nD 
| — a aa) fo) be + 
ES = c 20 oo os on s ES 
Su | < S 2 a= Bo aq iS 
Z n 1S) = nN 9 Dn 1S) a 
Northeast __-_- BA SBA 10 63 31 oRif eet F288] oy 24 Bor 
North-central __ E T°) 11 87 3 2 328 92 14 439 
Northwest _____- : 9 16| 210 OF |e oias |) ars). a9 |. 10. |. 1,496 
iaso-Gentral .. 90... 35 10 103 47: | 182 |' 326 425 83 | 978 
St oh Ss Wigs |. 174 62} 986| 262] 947 19 | 1,759 
BRTERPRA IH 2 o-6 So ~ ooo 16 15 143 56 | 463 285 998 256 | 1,978 
South-central and southwest! 13) 32! 157 66 618 346! 1,484 | 556 | 3,657 








The deep-well waters of the northeast, north-central, and easi- 
central districts are decidedly lower in the amount of minera! 
matter they contain than the waters of the other districts, 
and it may be inferred that increase of mineral content pro- 
eresses from the northeast to the southwest corner of the 
state. : 

The change in the mineral content is, however, abrupt, and 
not progressive. (See Pl. IV.) This ean be strikingly illus- 
trated by tabulating the total solids of the deep waters along 
north-south and east-west lines across the state. In the first 
tabulation figures for waters along east-west lines are given 
with the locations and depths of the wells, the sharp transition 
in amount of dissolved mineral matter on each line being indi- 
cated by heavy rules. Column A represents the waters of wells 
beginning. at McGregor, Clayton county, and going west to 
Big Sioux river along a line passing through the second tier 
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of counties from the north. Column B contains wells for the 
most part in the fourth tier of counties from the north, along 
a line beginning at Dubuque and ending at Sioux City. Column 
C includes wells mostly in the sixth tier of counties beginning 
at Clinton and ending at Logan in Harrison county. The figure 
for Grinnell represents the best deep water found there, that 
of city well No. 4; the water from most of the Grinnell wells 
contains about 1,200 parts of solids per million, a great change 
having taken place since the first well was put down in 1894, 
doubtléss owing to the imperfect casing of Carboniferous and 
Silurian waters. Column D represents wells in the eighth and 
ninth (the two southernmost) tiers of counties. Fewer wells 
have been drilled in this part of the state than elsewhere, but 
these are sufficient to show that all the present wells along the 
southern line yield waters of high mineral content. 


Change in total solids in well waters along east-west lines. 






























































A. B. 
» 
Total | Total 
Location of well Depth Solids | Location of well Depth Solids 
i 
Parts per Parts per 
Feet million Feet Toillion 
McGregor, City No. 1--..-. 520 488 Dubuque See 1,200 268 
gIMaPii cas 2.ctcecueoeet 1,228 306 Manchester — 5-2 ee cee 1,870 809 
ChariesnOity .l..22 2a S83 1,588 295 Waterloo 2 sess Seer aoe 1,373 468 
ripe Oy 228 Soe 651 $70 Lie Dogger se 22 1,827 867 
WONAG feet cescndlil ease 1,050 647 anson | _~———-————-~_-—___-. i, 954 651 
Kimrmetsburg: 25.22 k se 874 410 Holsteins. .cenasneettece QT TREE aes —— Or mm 1,436 
Sanooms sos 2 ee 1,250 2,186) | SiouxcOlty 22222 ese 2,011 1,689 
I ee oo nclnnkenecet ae 1,256 2,295 
Co D. 
Total Total 
Location of well Depth Solids _ Location of well Depth Solids 
i. Parts per | Parts per 
é Fest million | Feet million 
ey rn MET SRM SE vier metre jos 
py 2,656 332. | Mount Pleasante ---------- | 1,230 1,446 
Homestead Wistenad ecco none 2,224 1,016 “|| Fort: Madison lessee ee 689 1,967 
Aniane 0. eee Sree 1,640 1,033 Ottumysg (522 Se 2,200 1,179 
Grinnell, Oity No. 2.-.---... 2,002 881"o)| ‘Centerville co) 2 ee 2,054 2,545 
Des. Moines @\. 22-24-225525- 2 3,000 2,041 9 ll) De0n 2252255 eee 803 2,696 
Dunlap) S22eaes once ee 1,535 1,34 ~3)| Bedford (255-5 ee 2,002 5,273 
Logan bios ei seecetee cee 82] 1,578 Glenwood) 9520-325 Sa ee 2,000 2,349 
aCity well No. 2. e Well at State Hospital. 
b City 8-inch well. f Weill of J. Morrell Co. 
c Greenwood Park well. g City well. 


dCrapo Park well. 
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The same sharp change in the mineral content of the deep 
waters may be observed along north-south lines. Wells yield- 


ing soft water occur farther south the nearer they are to Missis- 


sippi river—that is, such wells occur near the river as far south 
as the parallel of Des Moines—but on the meridian of Des 
Moines only wells near the northern border of Iowa supply soft 
water. West of this meridian only two or three deep wells have 
slightly mineralized water. The relations of the north and south 
lines are shown in Plate IV. Column A in the next table con- 
tains the total solids and depths of deep wells on or near Missis- 
Sippi river, beginning at New Albin and ending at Keokuk. 
Column B shows the mineral content of wells near, but not on, 
Mississippi river, beginning at Waukon in Allamakee county 
and ending at Mount Pleasant in Henry county. Column C 
gives the amount of mineral matter in wells beginning at Osage 
on the north and extending south in a line approximately paral- 
lel to the eastern border of the state and ending at Centerville. 
Column D leaves much to be desired. The well at Tama is only 
861 feet deep and probably foots in the Silurian, for its min- 
eral content is higher than would be expected in the lower sand- 
stones. The region along Iowa river in T'ama, Benton and Jowa 


_ counties is one having waters high in mineral content in the 


drift and probably for some distance in the strata underlying 
the drift, as the shallow wells penetrating these strata show. It 


“may be that the wells of this region are contaminated by the 


heavily mineralized waters from beds far above the strata in 
which the wells foot. The well at Montezuma, depth reported 


_ 2,800 feet, had long been unused at the time the sample was 





taken, but the sample was taken only after the well had been 
pumped an hour or more. The lowest geologic formation this 
well penetrates is unknown. Owing to uncertainties regarding 
the Montezuma well the one at Pella was also included in the 
series. Column E begins with the well at Emmetsburg and ends 
with that at Centerville. In general the wells are near Des 
Moines river. High mineral content is found a little farther 
north on this line than on the next preceding line to the east. The 
line connecting the wells north of Boone marks about the western 
limit of lightly mineralized waters in deep wells, and with the 
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exception of the well at Emmetsburg these wells contain con-. 
siderably more mineral matter than the wells in the same lati- 
tude in the next line east beginning at Osage. 


Change in total solids in well waters along north-south lines. 






















































































A. B. Cc. 
| 
; 
Location Depth, Total Total | Total 
| solids Location Depth) solids | Location | Depth) solids 
| 
= fat SITE ike Ee 
Paris Parts Parts 
Feet {per mil. Feet |per mil. | Feet (per mil. 
New Albin ---- 500 | 343 || Waukon --__--- 600 330 |} Osage ---_---=- | 78 460 
Lansing 225. - 668 | 450 || Postville, city- 515 382 || Charles City---| 1,588 295 
Village Creek_- 750 | 372 || Monona . ---.- 420 500 || Waverly ------ 1,740 379 
McGregor ----- 520 | 488 || Manchester ----| 1,870 30) || Waterloo __- 1,373 458 
Dubuquea —_-_--| 1,200 268 Anamosa —-__-- | 2,200 47 Vinton) 72.58 | 1,402 561 
Sabula 22 o> 973 | 298.1) "Tipton 22-52 2_ 2,696 332 SRE St ee 
Clintonb _.---. 1,226 | ?) | ———__ am jammer: | Belle Plaine__| 1,520 1,980 
Ee | cece eeereer = \\¢ S { Liberty_.| 1,768 1,064 Homestead Jy 25228 1,016 
Davenportc -.| 1,067 | 1,134 || Mt. Pleasant_-| 1,239 | 1,446 || Ottumwa ----_- 2,200 1,179 
Burlingtond --| 2,430 | 1,066 Centerville ----| 2,054 1,228 
Fort Madison- 689 | 1,967 | 
Keokuke_ ----- 769 | 3,589 
| 
D. | E. 
Total” | Total 
Location Depth Solds | Location Depth Solids 
eS) eS — oa 
Parts per Parts per 
Feet million | Feet million 
MasOMOlty nts 2ee see eae 862 299 Emimetsbure —= 9.25 eee | 874 410 
Pa MpPtOn ee W-boson kaon 1,708 405 Algonal S222252-saespee eee 1,050 647 
OAS Ces ela a SIE: 2,032 £05) sii Ort sDOURe ae eee 1,827 867 
Tammi teuserekous L522 cota oe 861 5532 Dayton {6:2 tess eee 688 §24 
GRID NG ee eee ye on cee see 2,020 900 St 
Se (me |e (| [30 _ ____ = = 3,010 1,711 
Montezuma 22 2o. ee (7)2,800 1,835 ATMOS p22. sores Se ee ee 2.215 1,270 
Pel perce eee oat ee he 1,803 8,353 Des. Moines! 2.tse202 22 | 3,000 2,941 
OCW Feces: soac so Se 2,200 oe a e@eior vo. lo eee eee 752 8,831 
Centerville. S22 os eee see | 2,054 f 1,228 
a@City 8-inch well. 
bSugar Refining Co. 
c Davenport Ice Co. 
dCrapo Park. 
e Young Men’s Christian Association. 
f The water of this well was analyzed five times at intervals of about a year. The total 


solids were 1,228 in the first analysis and 2,545 in the fourth. 


DISTRIBUTION OF HARD AND SOFT WATERS. 








The preceding tables show that the change from lightly min- 
eralized to very hard waters from north to south and from east 
to west is not gradual, as might be expected, but is sudden, 
waters containing almost as small amounts of mineral matter as 
any in the state giving place to waters containing two or three 
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times as much. The dividing line between these two regions of 
high and low mineralized waters is approximately shown on 
Plate IV. It starts at Davenport, on Mississippi river, and runs 
west to Grinnell, then swings in a wide are northward through 
Ames, Manson and Emmetsburg. This location, however, 
should not be too strictly interpreted. Some wells supplying 
hard water are north of this line, particularly at Tama and at 
Belle Plaine. Good waters are usually found northeast of the 
line if the wells have been properly cased and are kept in good 
condition. Reference to the geologic map of Iowa (PI. I, pocket) 
and to the account of geologic formations (pp. 105-137) brings 
out the relations between the quality of the deep waters and the 
character of the rocks from which they come and makes it clear 
why the difference in mineral content occurs. The part of the 
state northeast of the dividing line (Pl. IV) includes the region 
where the older sandstones and limestones lie immediately under 
the surface covering of drift. It also includes considerable 
areas of the Carboniferous, whose formations yield hard wa- 
ters in many places. The formations of this system northeast 
of the line are, however, the older ones whose waters are less 
objectionable than those of the later deposits, and they le so 
near the surface that their waters can be cased out, thus per- 
mitting the entrance of only the good waters from the older 
rocks underneath. If the area were restricted so as to exclude 
the Carboniferous entirely—that is, if the line between the De- 
vonian and the Carboniferous were taken as the southwestern 
boundary—then practically no deep wells yielding hard waters 
would be included. With few exceptions the total solids in 
wells northeast of such line are less than 500 parts per million, 
and in most of these are less than 400 parts. A few notable 
exceptions occur, as at Davenport and Amana and at Mc- 
Gregor, where the 1,000-foot well going into the basal sand- 
stone yields water containing considerable salt, whereas wells 
about 500 feet deep at the same place yield excellent water. The 
chief difficulty with the Davenport water is salt, but the amount 
is small. Both Davenport and Amana are apparently on the 
border of the Devonian and very near the Carboniferous. 


14 
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With the present material used in casings and the methods 
employed in finishing wells, experience shows that outside of 
the northeastern area mentioned above it is very difficult, per- 
haps wholly impracticable, to procure from the deep-lying sand- 
stones or any other deep-lying stratum water comparable in 
quality with that yielded by most of the deep wells in the north- 
eastern part of the state. The strata bearing the very hard wa- 
ters lie too deep to permit the successful and permanent casing 
out of these waters, and in the southwestern part of the state 
the lower sandstones seem to lie too deep to make it practicable 
to reach them with the drill. This practical difficulty of casing 
out the upper bad waters apparently explains why some wells 
within the Carboniferous area yield good water while others ~ 
yield bad water. Future improvements in methods of protecting 
deep wells against the influx of undesirable waters from strata 
that may be penetrated may result in extension of the area of 
wells yielding water of low mineral content. 

The waters of deep wells outside the district of good waters 
are not necessarily so highly mineralized as to be unfit for use, 
though several of them belong to this class. The majority be- 
long to that class of waters which may be used for municipal 
supplies if none more satisfactory is available. Only about 
twenty-eight cities and towns have wells more than 750 feet 
deep. Some places have two or more wells, making the total 
number of deep wells in the district of poor water about forty. 
For the most part they are located in the southeast and north- 
west districts of the state. The south-central portion of 
the state has very few deep wells. In the three south- 
ern tiers of counties west of Ottumwa and extending to 
the counties bordering on Missouri river seventeen counties 
contain only three deep wells—those at Knoxville, Centerville 
and Bedford. A study of the records of the forty wells shows 
that only two, at Rockwell City and Manson, both just out- 
side of the area of good well water already defined, contain 
less than 1,000 parts of solids per million. The average of the 
total solids for the wells in the twenty-eight towns, taking only 
one typical well in places where there are two or more, is 2,434 
parts per million. From all the facts it seems probable that the 
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southwestern part of the state will have to depend mainly on 
water supplies from shallow wells in drift and in river alluvium 
or on treated water from the rivers themselves. 


WATERS OF THE SHALLOW WELLS. 


The term ‘‘shallow wells’’ is used in this paper to describe 
wells penetrating only the drift and others that do not penetrate 
any of the great water-bearing sandstones. Definite statements 
like those used for deep wells can not be made regarding the 
relations between the geographic location and the mineral con- 
tent of shallow wells. The averages by districts of the analyses 
of water from shallow wells in Iowa are repeated here for com- 
parison. (See fig. 2.) 

Average mineral content of the waters from shallow wells in Iowa. 


(Parts per million). 
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The amounts of mineral matter in the waters of the shallow 
wells in general parallel those of the waters of the deep wells 
in the same localities, but the relation is only general and 
marked exceptions are frequent. Shallow wells derive their 
waters more from the country immediately surrounding them, 
and the character of their waters, therefore, depends more large- 
ly on local conditions. Some drift wells only a few miles apart 
show very different amounts of mineral matter. In certain 
areas the drift waters are notably hard; in others they are soft. 
Many wells, especially in the southern part of the state, derive 
their waters from the sands of river flood plains. Their waters 
are usually soft, as a rule containing very little more mineral 
matter than the waters of the rivers themselves. 
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CHAPTER VI. 


MUNICIPAL, DOMESTIC’ AND INDUSTRIAL WATER 
SUPPLIES. 


BY W. S. HENDRIXSON. 





SOURCES OF SUPPLY 


Towa has few rivers capable of supplying sufficient water 
throughout the year to cities of considerable size. According 
to the best opinion of the present time there are few rivers and 
lakes in any part of the country that are capable of supplying 
water suitable for drinking without filtration. The time has 
probably passed when the water from any river within the state 
or from any bordering river may be used with safety without 
treatment. 

The Iowa lakes are few, small, and shallow, and consist chiefly 
of one group near the northern border of the state well to the 
west, in Dickinson, Emmet, Clay and Palo Alto counties. No 
large towns are near them, and with one or two exceptions the 
smaller towns of that vicinity draw their water from other 
sources. 

But although Iowa has few rivers or lakes affording potable 
water through a considerable portion of the year, the condi- 
tions are unusually favorable for the storage of ground water 
and its easy utilization. Most of the features that tend to de- 
crease the amount of surface water are features that tend to 
produce a large supply of ground water; the level surface that 
gives the rivers slow currents and wide bottoms and flood plains 
and the deep drift that affords storage combine to make the run- 
off small and the absorption of water by the soil large. 
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If the shallow wells only a few feet deep, which foot below the 
water line during most of the year and derive their water from 
seepage, are left out of account, there are three main sources 
of ground water in Jowa—the drift, the alluvial sands and. 
gravels in the river valleys, and the sandstone and limestone 
formations. . 

Nearly the whole state is covered by deep drift, containing’ 
extensive sand and gravel beds, usually near or just above the 
stratified rock. The beds afford storage for large quantities 
of water, which in most localities is easily reached by the bored 
well or drive point. In many regions these layers seem to be 
in the form of basins or troughs and in such localities many 
wells flow. 


As a rule the small rivers of Iowa meander with low velocity 
through wide valleys instead of cutting the deep channels com- 
mon in more rugged country. In such valleys shallow, bored, 
or driven wells obtain water from the drift layers of sand which 
may dip toward the river or from the so-called underflow of 
the river alluvium. Commonly the waters of wells in the river 
alluvium are softer than drift water, the mineral content in 
some wells being nearly as low as in the water from the-rivers 
on whose banks the wells arg located. Water supplies from 
this source are numerous, especially in the southwestern part 
of the state, where there are many such small rivers and streams 
and where water from other sources is not so abundant or easily | 
reached. Good wells supplying water from this source 
have been driven or dug to depths of thirty to sixty 
feet at Red Oak, Griswold, Elliott and Atlantic, all on Nishna- 
botna river. The average mineral content of their water is 
usually less than that of the drift wells and does not greatly ex- 
eeed that of the average river water in that section of the state. 

The lower sandstones furnish an abundant supply of fair to 
good water to most of the deep wells of Iowa. A few deep wells 
in the southern and southwestern parts of the state do not 
reach these sandstones, which in the regions named lie at depths 
so great that it is hardly practicable to reach them with the drill 
or to case out the hard waters of the strata above them. 
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Leaving out of account water supplies for fire protection only, 
324 towns’ have waterworks of the more highly developed sort 
with standpipes, reservoirs, street mains and fire taps. (See 
Pl. I, in pocket.) Many towns of fewer than 200 inhabitants are 
thus supplied with waterworks, and the fact indicates much for: 
the prosperity and progressiveness of the people. Of the 324 
towns, only six draw their water supplies from lakes or artificial 
ponds, chiefly the latter. Twenty-four towns get their water 
from rivers and 294 from wells. The urban population sup- 
plied from lakes and ponds was 21,000; from rivers, 341,700; 
and from wells, 534,500. 

From these figures it appears that about 60 per cent of the 
population of towns having water suplies use well water. It 
should be remembered, moreover, that the people of the towns 
without public water suplies and nearly the whole of the rural 
population use well water. The total population in 1900 was 
2,231,853, of which about 84 per cent used well water and about 
16 per cent water from other sources. The population is 1910 
was 2,224,721, but it 1s not probable that the percentage using 
well water has markedly changed. 

The requirements for ground water are likely to increase 
more rapidly than the population. Many of the 324 towns in 
lowa having water systems of some sort are villages of 150 to 
300 inhabitants, and many towns of 500 to 2,000 inhabitants 
now without waterworks will be obliged to provide them in the 
near future. It is certain that many towns will outgrow their 
water systems and must find means of enlargement. In fact, 
many municipalities have been obliged to put down more wells, 
and more often to change from shallow wells having a local 
supply of water from the drift to deep wells having their source 
of supply in the deep-lying sandstone strata. 

Artesian wells in Iowa, excluding flowing wells in drift and 
country rock, now exceed 250, and the amount of capital invested 
in them probably reaches well up to $750,000. Artesian wells in 
Iowa are used for municipal supply, for state institutions, for 
hotels, hospitals and office buildings, for baths and swimming 

1Based on figures of the Underwriters’ handbook of Iowa, in which are given 


all towns, with their population and brief description of their means of fire 
protection. 
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pools, for railway locomotive and shop supply, for stock farms, 
and for a wide variety of industries, such as packing houses, gas 
plants, glucose factories, breweries and bottling works, lumber, 
woolen, paper and powder mills, soap factories, condensed milk 

factories, creameries and dairies, ice plants and iron works. In 
- one place they have furnished power for a city electric plant. 

It is interesting to note the development in stock wells on 
Iowa farms. The primitive stock well, dug only a few feet deep 
in a swale and fitted with a hand pump, has always been in- 
adequate and has failed utterly in times of drought. The live 
stock, interests have developed so rapidly that the need of 
perennial supplies of plenty of good water has been keenly felt, 
and as a result many farms have been provided with wells 100 
to 500 feet deep, and some with wells 1,000 feet deep or more. 
In such wells pumps operated by windmills or gasoline engines 
are used instead of hand pumps. In the last few years the farm- 
ing population has greatly increased in wealth, the values of 
farm lands have doubled and even trebled, and the advantages 
of a never failing supply of good water for stock and for 
domestic use are being more and more appreciated. These facts 
make it probable that the deep farm well will soon become the 
general source of water supply of the rural population in those 
parts of the state where satisfactory deep water-bearing forma- 
tions exist. 

Underground water is thus the chief source of water supply in 
Iowa for all purposes; and it does not seem probable that it 
will ever assume less importance relatively than it now holds. 
On the contrary, there are reasons why its importance should 
increase. With the growth of the population it seems likely 
that river water will become even more unsatisfactory in qual- 
ity for municipal supplies, though it is possible that improved 
methods of filtration for smaller cities and towns may to some 
extent remove the difficulty due to pollution. 


ADEQUACY OF WATER SUPPLY 


The storage capacity of the aquifers which supply the Iowa 
deep wells is conditioned by their thickness, extent and porosity. 
Their supply of water depends on the area of their outcrop— 
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the area from which their waters are gathered—and on the rain- 
fall in this area. Without going into any elaborate calculations 
it may be said that all conditions necessary for an abundant and 
continual yield are so fully met that the storage capacity of 
the Iowa water beds over any large area is far in excess of any 
possible draft upon them. Locally they may be overdrawn, but 
for the artesian field of Iowa as a whole there need not be the 
slightest apprehension of any diminution of supply. The maxi- 
mum yield of wells is not limited by the present rainfall on the 
collecting area, by the absorption over the area, nor by the stor- 
age capacity of the basin, but by the conductivity of the rocks. 

The yield of the Iowa deep wells is comparable with that of 
the deep wells of Minnesota, Wisconsin and Illinois, which 
draw water from the same formations. It seems at least equal 
to the yield of the wells of the artesian basin of New Jersey, 
where as light or lighter pressures prevail. It is considerably 
less than the yield of wells in the artesian basin of the Dako- 
tas, chieflly because of the lower pressure in the Iowa field, 
which in turn is due to the more gentle dip of the Iowa aquifers 
—to the lower relative height of the area of supply. 


SELECTION OF SOURCE OF SUPPLY 


Emphasis must be laid on the fact that the writers of this 
report offer no specific advice as to municipal or other water 
supplies. They hold no brief for artesian wells in preference to 
other sources of supply, such as shallow wells or river waters 
filtered by any effective method. No city supply should be 
chosen until all possible supplies have been carefully investi- 
gated. Some towns of the state have rested content with a 
seanty supply of impure water, where pure artesian water could 
be cheaply obtained in large quantities; others have sunk ex- 
pensive artesian wells where a far larger and more permanent 
supply of good water could have been more cheaply obtained 
and maintained from shallow wells, for example, in drift gravels 
of adjacent river valleys. But in the selection of a supply the 
sinking of a deep well will usually be considered, and any in- 
formation as to the probable depth, quality and quantity of 
artesian waters will be of value whatever source of supply is 
chosen. 
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WELL DRILLING 
DEEP WELLS. 


No new methods in drilling deep wells in Iowa have been 
introduced since the publication of W. H. Norton’s report on 
the artesian wells of the state in 1897... The following descrip- 
tion, summarized from that report, is. therefore equally ap- 
plicable at the present time: 


To drill an even and straight tube a quarter or a half mile in depth requires 
experience and a high degree of mechanical skill. Deep-well drilling has be- 
come a special trade. Only one deep well in the state has been put down by 
amateur labor, and this proved a costly experiment whose repetition is not 
recommended. Most of the wells in Iowa have been drilled by firms whose 
territory is much wider than the limits of the state, and the methods and the 
machinery which they use in Iowa present nothing novel. In all drilling so 
far the drill has been the ordinary plunge or churn drill, essentially the same 
in action as that employed in sinking common drilled wells. The diamond 
drill has been used only in search for coal and building stone. 


The rig differs slightly from that used in the oil fields of Pennsylvania and 
Ohio, and so fully described by Carll* and by Newell.® 

The derrick tower is commonly about 18 feet square at the base and 60 feet 
high. An adjoining shed contains the forge at which the tools are dressed and 
an engine of 15 or 20 horsepower by which the drill is operated and the tools 
raised and lowered in the well. The drill consists of a steel chisel-shaped bit, 
screwed to an iron auger stem, to the upper end of which is fastened the “slips” 
or “jars.” These consist of two slotted iron links joined together by a cross- 
head and crotch slot permitting a vertical play or slip, one upon the other, of 
about 13 inches, in about the same manner as the play of two links of a 
dhain. The bit, the auger stem, and the lower member of the jars, thus fas- 
tened together, fall with each downward stroke about 20 inches and deliver a 
cutting and crushing blow of about 3,500 foot-pounds upon the rock. On the 
upward stroke the weight of the rig above the union of the two members of 
the jars delivers an upward blow whose purpose is to jar loose the drill beneath. 
No sinker bar is used above the jars. In some Iowa wells the string of drilling 
tools just mentioned has been swung from a rope, but in most wells rods of wood 
have been used, each about 33 feet long, with iron couplings. The string of rods 
and drill is attached by a swivel and heavy iron chain to the end of the walk- 
ing beam, which plays up and down above the mouth of the tube. This chain is 
wrapped several times about the end of the beam and is let out little by little 
as the drill cuts deeper and deeper into the rock. The temper screw used for 
this purpose in the oil regions is not generally employed. 

INorton, W. H., Artesian wells of Iowa: Iowa Geol. Survey, vol. 6, 1897, pp. 115- 


428. See also Bowman, Isaiah, Well-drilling methods: Water-Supply Paper, U. S. 
Geol. Survey No. 257, 1911. 


"Carll, J. F., Geology of the oil regions: Second Geol. Survey Pennsylvania. 
Rept. III, 1880, pp. 284-330. 

"Newell, F. H., Drilling and care of oil wells: Ohio Geol. Survey, vol. 6, 1889, 
pp. 476-497. 
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Month after month the same tedious routine continues. Night and day a 
driller sits at the bench over the boring. As the rods rise and fall with the 
monotonous motion of the walking beam, he slowly twists them round and 
round so that the drill may strike every portion of the bottom in its rotation 
and drill the hole round and true. So simple is this, apparently, that a boy 
could do it. But the experienced driller feels every stroke of the drill and the 
movement of the jars, and interprets each vibration passing upward from a 
thousand feet below. A tyro in his place would churn the water without strik- 
ing bottom and never know it. When no accidents delay, the drill cuts its way 
downward with surprising rapidity, making sometimes 60 or 70 feet a day. 
Every few feet the bore becomes clogged with the chips from the drill. The 
whole string is then hoisted and the hole cleaned out with the sand pump— 
a bucket with a suction valve at the bottom—and the drill is again lowered. 
This interruption takes less time than one would suppose. In hoisting the 
string the foreman sits with his left hand on the hoist lever and his right on 
the brake. The scaffold man stands on a platform in the tower about the length 
of a rod above the bench. The third man of the shift stands at the bench, catch 
wrench in hand. The string is rapidly hoisted by the engine; as soon as the 
upper end of the second rod from the top appears above the bench the brake is 
applied to the hoist, the string stops, the second rod is grasped by the wrench 
under the collar of the upper end. With the weight of the string thus resting 
on the wrench and the bench, the scaffold man and the man at the bench to- 
gether uncouple the upper rod from its connections above and below and set it 
at one side. The swivel whirls down and is coupled to the second rod, the hoist 
lever is pulled, the string rises, the third rod is caught fast, the second uncoupled, 
and so the work goes on. To hoist 1,600 feet of rods and tools needs only 20 
minutes, and less time is taken in lowering them again. 

Scarcely a well is drilled without more or less time being lost by accidents. 
Fragments of rocks become detached from the side of the shaft, fall, and wedge 
in with the string, preventing the slips from doing their work in jarring loose 
the drill. As soon as the drill stops, the sediment, with which the water is thick, 
settles about it, fastening it so securely that it can not be dislodged without 
special instruments. Fishing for drills and other lost tools may be the longest 
and most costly part of drilling a deep well. 

Occosionally the drill strikes a slanting crevice and slips to one side. If this 
difficulty is not met at once the boring is deflected from vertical and the drill 
soon becomes fast. Some crevices can be filled, but most of them must be passed 
by a special tool or by casing. ; 

In no well has it been found practicable to drill a deep boring of the same dia- 
meter throughout. Through the incoherent deposits of the Pleistocene the bore 
is relatively large—possibly 10 or 12 inches in diameter—and casing of this size 
is driven firmly into the underlying rock to shut off all surface and drift waters. 
In a few wells Pleistocene gravel, mingled with drillings from lower horizons, 
has indicated that this work was not effectively done. Changing the drill to 
one of smaller diameter, the driller proceeds with the work until rock so inco- 
herent or fissile, is reached that it caves into the boring. The only remedy is to 
case this portion of the shaft. The method of inserting the casing is described 
by Mr. Seth Dean! in his description of the Glenwood well, as follows: 


1Proc. Iowa Civ. Eng. and Survey. Soc., 1895, p. 36. 
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“On the lower end of the pipe a cast-steel shoe with a cutting edge was fitted, 
the outside diameter of the shoe being a little larger than the coupling bands 
that connected the joints of the pipe, so as to give clearance room. Fitted in 
this way it was possible to drive a line of pipe through most of the strata after 
they had first been pierced by the drill, the shoe cutting out a portion of the 
rock somewhat ‘in the manner that a carpenter enlarges a hole in a piece of 
wood with a gouge. When the harder beds of limestone were struck, the pipe 
was raised a few feet with jacks and the hole enlarged by what is known as an 
expansion reamer, a tool so constructed as to pass down inside the casing and 
open when it meets with the resistance afforded by the rock bed under the pipe. 
When the friction of the mass of earth and shale against the sides of the pipe be- 
came so great that it could not be driven farther without danger of crushing or 
collapsing, it was bedded firmly in some stratum of rock and a pipe of smaller 
size was inserted inside this and driven in the same way. The rate of progress 
made in driving pipe was, of course, dependent on the nature of the material 
being worked. Sometimes in soft shales the weight of the pipes alone was 
enough to sink it, and at other times six hours’ driving would not settle it more 
than three or four inches.” 


FINISHING WELLS IN SAND. 


BY O. E. MEINZER. 
INCRUSTATION OF SCREENS. 


Throughout northwestern Iowa and adjacent portions of Min- 
nesota and South Dakota the majority of drilled wells end in 
sand belonging either to the glacial drift or to the Cretaceous 
system. The successful finishing of these wells is perhaps the 
most important problem in connection with water supplies in 
this area. Most of them are two inches in diameter, and the 
well casing is made to serve also as the pump pipe. The sand 
rises with the water so persistently that it is found necessary to 
put a screen or strainer at the bottom of the casing to shut out 
the sand while admitting the water. Various types of screens 
are in use, but the common type for wells of small diameter con- 
sists of a perforated iron pipe surrounded by a brass gauze of 
fine mesh, the whole inclosed in a perforated jacket to protect 
the gauze. The screen is small enough to be let down inside the 
easing. 

Wells finished in this manner prove satisfactory for a time, 
but in the course of a few years the yield diminishes and event- 
ually almost no water can be obtained. When the screens are 
removed, they are found to be effectually sealed by a coating of 
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silt, ete., firmly cemented into a hard, impervious mass. The 
cost of a screen is not great, and the substitution of a new one 
for the old every few years would not be a serious matter were 
it not that the removal of the old screen is attended by great. 
difficulties. In many instances the coating of cemented silt be- 
comes so thick that the screen can not be withdrawn on the 
inside, and it is then necessary to pull up the entire casing in 
order to remove it. The labor and difficulty involved in this 
process is considered by many drillers to be equivalent to that 
of sinking a new well. Moreover, the rusted casing is liable to 
break, or the hole may cave, and the well is then usually lost. 

The clogging of the screen has been found to be go great a 
nuisance that in many localities nearly all drilled wells have 
been abandoned, and shallow sources again used. Hspecially 
has this been done in the recent years of abundant rainfail fol- 
lowing a series of dry years in which many of the drilled wells 
were sunk. The aggregate cost of the wells which have thus 
been abandoned in this region amounts to hundreds of thou- 
sands of dollars; furthermore, the return to shallow wells is 
not a solution of the problem. Recognizing the magnitude of 
the difficulty, the writer has investigated the entire matter, with 
a view to finding a practical remedy. 


In order to ascertain the composition of the incrustant and 
the chemical changes involved in the incrusting process, a typ- 
ical two-inch well was selected, from which a screen of the ordi- 
nary. construction, coated with the usual hard, dirty-gray sub- 
stance had recently been removed. Both the water from this 
well and the incrusting material were analyzed. The data are 
presented below. , 


The well was owned by George Clynick, and was located in 
the SW. 14 sec. 33, T. 104 N., R. 29 W., in Martin county, Min- 
nesota. It was drilled in 1899 to a depth of 70 feet, with a di- 
ameter of two inches. It yielded ‘‘all that the windmill could 
pump.’’ Its head was 13 feet below the surface. The material 
penetrated in drilling was (1) blue clay, (2) bluish white sand, 
at first very fine, but changing into coarse grit, in which the 
well ends. The well was finished with an iron casing, ending 
with a screen of perforated galvanized iron pipe surrounded by 
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a brass gauze, the whole being surrounded by a perforated 
brass sheath. The screen is three feet long and about one inch 
in diameter, and the length of time required for it to become 
effectually clogged was reported to be about five years. 


Analysis of water of Clynick well, Martin County, Minnesota. 


[Analyst: H. A. Whitaker, chemist, Minnesota State Board of Health, July, 
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Analysis of the material which incrusted the screen. 
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To the above analysis the following note was added: 


Of the 56 per cent comprising the silica and insoluble silicates, only 31 per 
cent is volatilized by hydrofluoric acid, showing that there is probably consider- 
able clay present. Indeed, clay, sand, and carbonates of calcium and magnesium 
comprise 90 per cent of the deposit. The probable presence of sand particles is 
indicated by the fact that the substance was gritty when first pulverized, and re- 
quired two days grinding to reduce it to a powder fine enough for analysis. 


The principal cementing substance is probably calcium car- 
bonate precipitated from the water. The sand, silt, and clay 
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are packed about the screen by the inflow of water, and the 
interstices are then filled with calcium carbonate and other 
materials. Thus, the whole becomes a nearly impervious sheath 
which shuts out the water. 

Whenever, in any well, the pump is operated, the weight of 
the water column is decreased by the removal of water, and it 
is this diminution in pressure that causes a new supply of water 
to flow through the screen into the well. The reduction of the 
pressure may allow a portion of the carbon dioxide to pass out 
of solution, disturbing the equilibrium between the free carbon 
dioxide and the bicarbonate radicle and effecting partial decom- 
position of the latter substance. As a result of this reaction, 
calcium carbonate is probably precipitated and is incorporated 
in the incrusting material. Only minute quantities of calcium 
carbonate need be deposited in order to effect the sealing of the 
screen in the course of several years. Possibly precipitated iron 
also adds to the cementing material. Electrolysis may occur be- 
tween the brass and the iron portions of the screen, but the fact 
that some screens made entirely of brass have become incrusted 
as readily as the ordinary brass and iron ones seems to make 
this explanation inadequate. If the diagnosis given is correct, 
the process does not depend chiefly on the nature of the screen, 
but on changes which unavoidably accompany the withdrawal 
of water from the well, and hence the remedy must be sought 
along mechanical rather than chemical lines. 


REMEDIES FOR INCRUSTATION. 


A study of the mechanical aspects of the problem makes it 
possible to put forth some suggestions which, if followed, should 
prove of value by diminishing the annoyance and expense con- 
nected with wells finished in sand. 


LARGE DIAMETERS. 


Two-inch wells should not be drilled in regions where the 
screens become incrusted. For farm purposes wells from four 
to six inches in diameter can generally be finished successfully 
with open ends, whereas it is invariably necessary to put screens 
into those only two inches in diameter. The explanation is 
simple. With a given rate of pumping, the upward velocity of 
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water in a well varies inversely as the square of the diameter, 
and the capacity of a current to lift solid particles varies as the 
sixth power of the velocity. Consequently, sand that will cause 
no trouble in a large well will persistently rise in a small one if . 
it is not screened. Practically the effect is probably even greater 
than the above ratio indicates, because in the wells of large 
diameter the inflow and upward velocity are nearly constant as 
long as the rate of pumping is kept constant, whereas in a well 
of small diameter the casing usually serves also as the pump 
pipe, and hence the upward current is not uniform, being zero 
during the downward stroke and varying from zero to a maxi- 
mum and back to zero during the upward stroke. In general, 
it will be found more satisfactory and ultimately more eco- 
nomical to drill wells at least four inches in diameter than to 
put down the small two-inch tubulars. 

It is important, however, to understand that the finishing of 
sand wells with open ends should be attempted only where the 
rate of pumping is to be slow—for example, in farm wells 
where windmills are used. Asa rule, wells furnishing water for 
public supplies and others pumped by steam or gasoline engines 
should be provided with screens. A number of sand wells used 
for public supplies in this region were finished without screens, 
and nearly all of these have given trouble. The sand rises with 
the water, cutting out the pump valves, clogging the mains, and 
filling the wells to such an extent that the supply is greatly 
diminished or the wells are totally ruined. 

Drilled sand wells of large diameter invariably require 
screens if the rate of pumping js to be rapid, and some require 
them even though the rate of pumping is slow. Wherever there 
is danger that the sand will rise, it is the part of discretion to 
put inascreen. It should be remembered, however, that a five- 
inch well with a screen is much better than a two-inch well 
- similarly finished. In the latter the screen must of necessity fit 
snugly into the casing, and when it becomes incrusted it may 
be impossible to pull it up, thus causing much trouble and fre- 
quently making it necessary to pull the entire casing. In a 
five-inch well, on the other hand, a small enough screen can be 
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used so that there will be no difficulty in removing it. Experi- 
ence shows that it is poor economy to drill two-inch wells. 


ENDING IN A COARSE LAYER. 


The glacial deposits, in which many of the wells under con- 
sideration end, are irregular and may alternate rapidly from 
fine sand to coarse gravel. It is a matter of great importance to 
finish a well where the material.is coarsest. Drillers under- 
stand the significance of this but are not always successful in 
practice. Asa rule the coarsest part of a sand and gravel bed 
is at the bottom, but this is not invariably so. 


DRIVING TO THE PROPER DEPTH. 


Commonly a thin layer of ‘‘hardpan’’ lies at the contact be- 
tween a bed of clay and a deposit of water-bearing sand and 
gravel. Frequently there is difficulty in driving the casing 
through the ‘‘hardpan,’’ and hence it is often allowed to stop 
above this hard layer or to fit only loosely into it. If a screen 
is inserted, it is somewhat smaller than the casing and may 
sometimes be projected through the hole in the ‘‘hardpan’’ and 
into the water-bearing sand. This is a careless method of fin- 
ishing a well. The clay is liable to be washed down and to 
come in contact with the screen, thus greatly hastening the 
clogging process; or if the well has an open end the caving of 
the clay may obstruct the entrance. Not infrequently wells are 
ruined by neglect of the driller in this respect. Whether they 
are to be finished with or without a screen, it is important to 
have the casing driven completely through the cap of ‘‘hard- 
pan’’ and down into the coarsest part of the sand or gravel. 


DEVELOPMENT OF GRAVEL SCREENS. 


Glacial deposits and to some extent also Cretaceous strata 
are poorly sorted, fine sand and coarser grit being more or less 
mixed together. When a well is to be finished in one of these 
deposits it should be pumped for a protracted period in such a 
manner as to remove the fine silt and leave a natural screen of 
coarser material. This frequently makes it possible to finish the 
well without a screen where otherwise one would have been 
required, but it should be done even where a screen is to be in- 
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serted. Proper treatment in this respect requires patience and 
skill but it undoubtedly results in superior wells. 

The process of developing a natural:screen is sometimes sup- 
plemented by introducing into the well a quantity of gravel or 
erushed tile of proper coarseness. This method has proved 
successful with drillers who are willing to devote sufficient time 
and effort to it, and often makes it possible to finish a well 
without putting in an ordinary screen. 


'INDEPENDENT PUMPS. 


As has already been explained, in two-inch wells the casing 
usually serves also as the pump pipe, a device that produces 
more or less unsatisfactory results. The water must enter as 
rapidly as it is drawn up by the pump. This gives an intermit- 
tent and irregular current into the well and increases greatly 
the danger of drawing up sand. Even where a screen is used, 
this arrangement is liable to force fine silt through the meshes 
or to break holes in the screen, and the great reduction of 
pressure in the well on the upstroke probably increases the pre- 
cipitation of calcium carbonate. When the yield is small or 
when the inflow of water is obstructed by the incrusting of the 
sereen, pumping becomes difficult and the wear and tear become 
great. An independent pump hung in a well of adequate 
diameter involves some additional cost but is much more satis- 
factory. 


FREQUENT REMOVAL OF SCREENS. 


Much of the difficulty with the screens could be avoided if they 
were renewed more frequently. A screen which is left in the 
well until it has become so completely sealed that its removal 
is absolutely necessary is not only practically useless for a long 
time before its removal but is also lable to be so thickly coated 
that it can not easily be withdrawn. 


SUMMARY. 


Only wells of large diameter (four inches or more) should 
be drilled. Care should be taken to drive the casing through 
the cap of ‘‘hardpan”’ and through any beds of quicksand which 


may exist to the coarsest portion of the deposit. The fine sand 
15 
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should then be removed by protracted pumping and a natural 
screen of coarser sand or gravel developed. Gravel of the 
proper coarseness may also be introduced into the well to be 
added to the natural strainer. If the water is to be drawn at 
a slow rate and an independent pump is used, it is generally 
not necessary to put on a metal screen. If, however, the water 
will not become clear and the sand persists in rising, a screen 
should be inserted and tightly attached to the bottom of the 
casing. It should be considerably smaller than the latter so 
that it can be easily removed when it has become incrusted. As 
soon as the yield of the well shows distinct signs of reduction, 
the screen should be drawn up and cleaned or else replaced by 
a new one. 


MUNICIPAL AND DOMESTIC SUPPLIES 
POLLUTION. 
SOURCES. 


From the sanitarian’s point of view waters from wells tap- 
ping the deep-lying sandstones or the deep sand layers of the 
drift may be considered above suspicion if the wells are pro- 
tected from the access of surface water from their immediate 
vicinity. The diseases ordinarily communicated by water are 
bacterial in origin—that is, the immediate causes are micro- 
scopic single-cell plants, called bacteria, which come from pre- 
vious cases of typhoid fever or other diseases and find their 
way into river or well water through sewage or surface water. 
According to present standards of sanitation it may be defi- 
nitely stated that the waters of rivers flowing through moder- 
ately well inhabited regions and having the usual number of 
towns and villages along their courses are unsuitable for drink- 
ing or general domestic use without being purified. The expe- 
rience of a number of Iowa towns, such as Waterloo (p. 308) 
proves that typhoid bacilli in river water may pass the guard 
of filtration plants and cause serious epidemics unless the proc- 
ess of fitration is constantly maintained at its highest efficiency. 
That springs rising from creviced and cavernous bedrock which 
receives the drainage from adjacent cities may be polluted has 
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been recently shown at Cedar Falls (p. 306). Even the purest 
artesian waters from wells thousands of feet deep are liable to 
become contaminated by shallow ground waters if such are 
allowed to enter through corroded casings. Epidemics of ty- 
phoid fever at Clinton, in the shops of the Chicago & North 
Western Railway, and at Glenwood, in the Asylum for Feeble- 
minded Children, were caused by leakage from adjacent privies 
and drains into deep artesian wells. 


TOWN WELLS. 


Shallow dug wells, walled as they generally are by brick or tile, | 
that permit the inflow of water from top to bottom, are usually 
unsafe in a town or even in the country unless they are well pro- 
tected from contamination by kitchen or household waste, 
privies, drainage from stable yards, and all similar sources of 
pollution. Though the water of any one such well may be used 
for a long time without serious results, it is nevertheless a con- 
stant menace to life and health. Infectious material is likely to 
enter it at any time that it may be brought into the neighbor- 
hood. In towns the danger attending the use of well water is 
undoubtedly in direct proportion to the prevalence of privy 
vaults, cesspools, badly drained streets, and decaying garbage. 
All persons are not equally susceptible to disease, and it is not 
to be taken-for granted that because a family or a certain num- 
ber of persons have long used the water without ill effects others 
may do so with impunity. 

Some wells given in this report as the sources of municipal 
supplies belong to the class of shallow wells just described. 
They are dug and walled wells or driven wells in river bottoms 
or in superficial sand layers. Nothing protects them from the 
surface water in their immediate vicinity. The surrounding 
land should be as scrupulously protected from human habitation, 
factories, and other sources of contamination as the collecting 
ground of lakes and artificial reservoirs whose waters are used 
for municipal supplies. The underflow where the wells are 
located should be toward the town, not from it toward the wells. 
If the town is on a river, the wells should be above and not be- 
low the town. There should be no higher inhabited land in their 
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immediate vicinity. In the course of this investigation evidence 
has not been wanting that such simple and reasonable provis- 
ions as above suggested have not received attention in some 
towns that derive their water from wells of this character. 

The sanitary character of well water is improved in propor- 
tion to the exclusion of surface water from the immediate vicin- 
ity, because water coming through earth or sand for consider- 
able distances is freed from organic matter and bacteria by 
fermentation and filtration. Herein is the advantage that the 
deep well has over the shallow one. Deep wells derive their 
waters in most places from the deeper sand layers, sand rock, 
and other porous filtering material. The water they supply 
fell upon areas at considerable distances and reached the wells 
through long stretches of natural filter. For example, most of 
the water in the deep-lying sandstones in Iowa fell in Wisconsin 
and Minnesota and reaches the consumer only after passing 
through many and in some places several hundred miles of 
sandstone filter. Whatever organic matter and living organisms 
the water originally took up at the surface where it fell have 
long since been destroyed and removed. 

Fortunately, most wells which supply Iowa cities are of this 
character and derive their water from far-removed collecting 
grounds. They are generally driven wells, or bored or drilled 
and cased. In such wells water can enter only at considerable 
depths, in the shallower ones only near the bottom, and even if 
it fell near the well it could enter only after filtration through 
many feet of earth. It must be said, however, that some town 
wells are bored and walled with sewer or fired tile placed loosely. 
one upon another, and in such cases water may enter at any 
point, dependent only on the weather and the height of the 
water table. 

The experience of sanitarians is in harmony with these con- 
siderations. The number of bacteria in well water decreases 
as surface drainage is cut off. The pathogenic species are ab- 
sent from the water of properly constructed deep wells, and in 
some very deep wells bacteria are totally absent. If a town or 
a home draws its water supply from a deep cased well in thor- 
ough repair, having its footing in some large source of water, 
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it is probable that the water as it comes from the well is free 
from contamination, and its wholesomeness as it reaches the 
consumer depends only on the character of the reservoirs and the 
conducting system. It is, of course, absolutely necessary that 
all storage tanks should be protected from dust, animals, and 
any other sort of accidental or intentional contamination; that 
all underground conducting pipes should be of nonporous ma- 
terial, and that all joints should be water-tight. 


* FARM WELLS. 


BY O. E. MEINZER. 


The most common type of well in the western part of the 
state is the shallow bored well. It is made with a machine 
called a ‘‘well auger,’’ is generally between 11% and 3 feet in 
diameter, and is cased with wood or some other material that 
will admit water freely from all levels. In this way a great sur- 
face admitting water to the well is made to compensate for the 
low pressure of the water and the poor conductivity of the 
water-bearing material. Since the water comes from so near 
the surface it can easily become polluted, and care should be 
taken to have everything which might produce contamination 
removed from the vicinity of the well and from the ground 
that drains toward it. Unfortunately such precautions are not 
usually taken. While some householders are to be commended 
for carefully protecting their wells, the majority are guilty 
of inexcusable negligence and many seem to utterly disregard 
the sanitary aspects of their water supply. 

The well is generally located on low ground and frequently in 
a favorable position to receive the drainage from the barn- 
yard and outhouses. This is because the farmer wants his 
house and barns on high ground and yet as near the well as 
possible. On many farms, too, it is located in the barnyard 
and is surrounded by manure. The upper part of the casing 
in many wells is decayed and the ground where the well is sit- 
uated is on a level with the rest of the barnyard, so that seep- 
age from the yard inevitably enters the well. Many farmers 
cover their wells in the autumn with manure to prevent the 
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pumps from freezing, and this is not always removed in the 
spring. Thus some of the matter leached from the manure by 
the rains is washed into the wells. Some wells, also are sit- 
uated on ground so low that they are flooded in heavy rains. 

In a few wells clay or concrete tiles are employed for casing, 
but more commonly boards are used. The wood is most subject 
to decay near the surface where it is alternately wet and dry; 
farther down in the well, where it is more constantly submerged 
and thus protected from the atmosphere, it decays less rapidly. 
Consequently the wooden casing in many wells is partly re- 
moved near the top, giving excellent opportunity for surface 
wash and also for small animals to enter. Drillers and borers 
whose business it is to clean out these wells declare that it is 
common to find decaying mice, rats, rabbits, and other small 
animals in wells which are at the time being used for domestic 
purposes, and that many families are using water which con- 
tains so much putrid matter that it is nauseating to one who 
has not become accustomed to it. These conditions are due 
largely to carelessness and could easily be prevented by the 
application of ordinary good judgment and by a regard for 
ordinary cleanliness. 


MINERAL CONTENT OF THE WATER. 


MINERALS IN RIVER AND WELL WATERS. 


Compared with waters of the northern and eastern states, 
all Iowa waters are highly mineralized, or, as it is commonly 
expressed, they are hard waters. The state is deeply covered 
by drift and soil, composed mostly of finely divided material 
which is highly caleareous and contains considerable amounts 
of calcium sulphate and other more soluble compounds. The 
rainfall comes into intimate contact with this material, and that 
which becomes ground water, from which wells are supplied, 
must pass for long distances through it, giving the water great 
opportunity to take up mineral matter. The amount of run-off 
from igneous rock surfaces is practically nothing in this state 
and that from bare rock surfaces of any sort is insignificant. 
Only very small superficial sand areas in the state take up the 
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rainfall and transmit it as soft water to wells or to rivers. The 
deep rich soil also contributes indirectly to the mineralization 
of water. Nearly the whole area is covered with vegetation of 
some sort and the soil contains large amounts of decaying vege- 
table matter. An unusual amount of carbon dioxide is thus 
supplied to the water at the surface, which enables it to dissolve 
large amounts of calcium and magnesium carbonates. 

The waters of both rivers and wells are considerably more 
highly mineralized than those of the eastern states, and three 
of the largest lowa rivers contain very much larger amounts 
of mineral matter in solution that the average of the rivers of 
the whole continent. The average total solids of Des Moines, 
Cedar, and lowa rivers, as determined by analyses by the 
United States Geological Survey’ extending from September, 
1906, to September, 1907, is 262 parts per million, whereas the 
average of the river waters of the continent is stated to be 150 
parts per million.” The average mineral content of these three 
rivers and that of the best wells of moderate depth in the re- 
gions where the rivers take their rise are remarkably alike in 
both the amount and character of their total solids. The same 
general agreement is found between the mineral matter of the 
rivers and that of the best deep wells. For purposes of. com- 
parison, there are given below the analyses the three rivers 
already named, the average analyses of 12 of the best wells of 
moderate depth, for the most part in the northern and eastern 
portions of the state, and the analysis of a representative of 
the best deep wells, that of the Eighth Street city well at Du- 
buque, which has a depth of 1,200 feet and foots in the sand- 
stones underlying the Saint Lawrence formation. 


Dole, R. B., The quality of surface waters in the United States: Water-Supply 
Paper, U. S. Geol. Survey No. 236, 1909, pp. 116-119. 


2Chamberlain, T. C., and Salisbury, R. D., Geology, 2d ed., vol. 1, p. 108. 
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Comparison of analyses of well and river water in Iowa. 


(Parts per million.) 
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The total solids for the rivers include only the dissolved min- 
eral matter. If the suspended matter is added, the total matter 
carried by the river waters is 553 parts per million. 

The averages of the analyses of the river waters represent 
samples taken as follows: Cedar river at Cedar Rapids, dis- 
solved solids 228; Iowa river at Iowa City, dissolved solids 247; 
and Des Moines river at Keosauqua, dissolved solids 312. The 
dissolved solids of the three rivers are not very different in 
amount and closely agree in their composition, which is similar 
to that of the solids of the best well waters. The three rivers 
show considerably smaller amounts of dissolved mineral matter 
than the water of Missouri river on the west, as might be ex- 
pected, for the Missouri derives a large portion of its water 
from the northwest and to a large extent from the so-called 
alkali regions. The Missouri shows at Florence, Nebraska, 454 
parts of total solids.” On the other hand, the solids of the three 
Iowa rivers are greater than those of the upper Mississippi, 
which comes largely from Minnesota and Wisconsin, where 
much of the collecting ground is covered with sand and sand- 
stone. The Mississippi near Moline, Illinois, shows 179 parts 
of dissolved solids. 

The general impression that river waters are soft and well 
waters are hard is in a general way true. However, no sharp 
line of demarcation can be drawn, at any rate in northeastern 
Iowa. The very best well waters from both shallow and deep 
wells in the northeastern part of the state, which is the main 
collecting ground for the river waters, show about the same 


*Water-Supply Paper U. S. Geol. Survey No. 236, 1909, p. 78. 
*Water-Supply Paper U. S. Geol. Survey No. 239, 1910, p. 81. 
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mineralization as the river waters. These wells are, however, 
comparatively few, most wells in this same region showing 
solids ranging from 300 to 500 parts per million. 


EFFECT OF MINERALIZED WATERS ON HEALTH. 


Though the water of a considerable number of Iowa wells con- 
tains as low as 280 parts per million of mineral matter, and 
most of those in the northeastern part of the state contain less 
than 500 parts, the great majority of well waters in the whole 
state contain 400 to 2,000 parts of solids. Several contain 2,000 
to 5,000 parts and a few 5,000 to 9,500 parts. It is a matter of 
especial interest that several towns have for a number of years 
used as city supplies waters containing 2,000 parts per million 
of solids. Though waters containing as much mineral matter 
as 2,000 parts per million are clearly unsuitable for many pur- 
poses in the untreated condition, such as for boilers and for 
laundry purposes, so far as is known no serious effects on the 
health of the people can be traced to the use of such waters. 
At present there seem to be no generally recognized standards 
by which to judge of the fitness of hard waters for drinking. 
The only limit in the use of hard water in Iowa is the unpalat- 
ableness caused by the presence of considerable amounts of 
chlorides and sulphates. It is a curious fact that although peo- 
+ple as a rule will not tolerate a distinct taste in a water supply 
for ordinary daily use, at watering places they will readily 
drink large quantities of similar water containing even more 
of the constituents which at home they consider distinctly ob- 
jectionable. 

Apparently waters containing more than 2,000 parts of min- 
eral matter are unpalatable, and this amount may be taken 
as the maximum allowable in a water supply for city use and 
particularly for drinking. So far as general observation and 
the testimony of physicians are concerned, this limit seems 
practical and safe, though it can not be confidently asserted that 
the use of such waters for a few generations might not be at- 
tended with injurious results. 

Standards of other regions, particularly of those where the 
surface rock is granite or sandstone, can not be applied in judg- 
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ing Iowa waters. The Iowa standard must depend on what 
sort of water can actually be secured and on experience in the 
use of the waters of the state. Of course, the standard for a 
boiler water or one for any other industrial purpose must be 
different from that of a water for a town supply. The latter 
must be obtained in large quantity, must serve for a multitude 
of domestic and industrial purposes, and must have a high de- 
gree of organic purity, if it is not to be filtered Much mineral 
matter may be tolerated for the sake of bacteriologic purity. 
Therefore, a city in Iowa with a water supply which is or- 
ganically pure and which contains less than 400 parts per mil- 
lion of solids is very fortunate. An organically pure water con- 
taining léss than 600 parts may be considered good, one with 
less than 1,000 parts fair, one with less than 1,500 parts toler- 
able, and one with 2,000 parts usable if no better can be ob- 
tained. Above 2,000 parts the water may be considered un- 
palatable, and that of private shallow wells would be preferable. 
Of course, these statements apply to the average hard water, 
in which the excessive solids are composed largely of calcium, 
magnesium, sodium, and sulphates. 


EFFECT OF MINERALIZED WATERS ON WELL CASINGS. 
CORROSION. 


Many waters act vigorously on iron in the cold, and many — 
well casings in Iowa have been rusted through in a few years. 
At Cedar Rapids a wrought-iron casing was corroded to a per- 
forated shell in about five years. At Grinnell the water of well 
No. 1, containing 2,000 parts per million of mineral matter, 
rusted through the casing in about eight years. In many other 
wells the waters have become progressively and notably more 
highly mineralized, and though this may be due to other causes, 
the chief cause is most probably the perforation of the casings 
and the access of the upper hard waters that the casings were 
designed to shut out. Deep well No. 2 at Centerville, for in- 
stance, was drilled to a depth of 2,054 feet in 1904. The follow- 
ing are the results of four analyses in terms of total solids, at 
intervals of about a year: | 


MUNICIPAL, DOMESTIC AND INDUSTRIAL WATER SUPPLIES) 235 


Total solids in water in well No 2 Centerville, Iowa. 
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The rusting out of casings must be regarded as one of the 
most serious difficulties in maintaining a supply of artesian 
water, and how to prevent it or retard it so as to lengthen the 
life of wells is a problem which merits the most earnest con- 
sideration. After a casing has become weakened by corrosion 
and has become packed in the boring by sediment derived from 
the walls or deposited from the water it is very. difficult. or im- 
possible to withdraw it so as to replace it by a new tube. The 
only remedy in such instances is to put a smaller tube within 
the old one, thus reducing the effective diameter of the well. 


SOFT-STEEL VS. WROUGHT-IRON TUBING. 


At the present time soft-steel tubing, on account of its cheap- 
ness, has for most purposes replaced wrought-iron tubing. It 
is not easy to get wrought-iron tubing without a special order, 
and this has led to the casing of many wells with steel. HExperi- 
ence seems to show that this is a mistake. Wrought iron with- 
stands the corrosive action of water much better than soft 
steel and it should always be preferred to steel for well casings. 

Cast-iron tubing may yet be proved practical for casings. It 
has far greater resisting power than steel or wrought iron 
against the corrosive action of water, and it is considered the 
only suitable material for water mains and for sewer pipe in- 
side of buildings. 

In this connection the casing of well No. 4 at Grinnell is of 
peculiar interest. Several flows of highly mineralized waters 
are encountered above the New Richmond and Saint Peter 
sandstones, which furnish the main supply. After experienc- 
ing a good deal of difficulty due to the corrosion of casings and 
the caving of shale below the casings of the older wells, the city 
authorities determined to case the new well with cast-iron tub- 
ing to the depth of 1,700 feet, or to a point just above the Saint 
Peter sandstone. Owing to difficulties connected with reaming 
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out the well the casing was finally put down only to 1,461 feet. 
It consists of six-inch heavy cast-iron tubing, the sections of 
which are closely joined together with wrought-iron couplings. 
No difficulty was experienced in lowering the casing. The well 
was completed in January, 1910, and has been in use since that 
date. So far as known to the writer there is no other east- 
iron casing in the state and none of greater length than 200 or 
300 feet in neighboring states. The experiment at Grinnell 
seems to demonstrate the practicability of lowering cast-iron 
casings of lengths as great as are likely to be desired. 

As this enterprise has proved successful, it is likely to in- 
fluence greatly the casing of wells in the future, and the cast- 
iron easing should be instrumental in prolonging the life of 
artesian wells in localities where upper waters cause rapid 
deterioration of ordinary casings. It is possible that it may 
extend the area of successful artesian wells in this state. 


CAUSES OF CORROSION. 


The cause of the corrosion of iron has in recent years been 
{he subject of much research and not a little controversy. The 
work and discussion have centered around the question whether 
water and oxygen alone are able to produce corrosion, or 
whether carbonic acid or some other acid is necessary. No 
fewer than eight research papers have appeared on this sub- 
ject in the last four years. Of these, one by Walker and others’ 
and one by Tilden’ sum up the results of the whole investiga- 
tion and give all needed references. 


PURE WATER. 


It appears beyond a doubt from the work of Walker and his 
associates that pure water alone is able to dissolve iron in very 
small amounts. This is shown by direct experimental evi- 
dence, and it is fully in accord with the present ionic theory 
of the solution of metals. Water is to an exceedingly small de- 
gree an electrolytically dissociated substance, its ions being 


1Walker, W. H., Cederholm, A. M., and Bent, L. N., The corrdsion of iron 
and steel: Jour. Am. Chem. Soc., vol. 29, 1907, p. 1251. 

2Tilden, W. A., The rusting of.iron+t Jour. Chem. Soc. Trans., vol. 93, pt. 2; 
1908, p. 1356. 
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H and OH. Iron, like other metals, has its own particular ten- 
deney to go into solution in the form of ions — that is, its solu- 
tion pressure, and this pressure is slightly greater than tha, 
of hydrogen. Very slowly and to a very limited extent iron 
rete 
goes into solution in pure water as positive ions, Fe, while hy- 
drogen is forced out of solution, its positive charge going to 
neutralize the negative charge of the undissolved iron. Walker 
could easily detect the iron thus dissolved by testing with potas- 
sum ferrocyanide or potassium sulphocyanide, after evaporat- 
ing the solution to small volume. 


Water thus acts much like an acid, but its action is exceed- 
ingly slow, and an equilibrium is soon reached when the action 
ceases unless oxygen is present to oxidize the iron and cause 
its removal from solution by precipitation. As a matter of fact, 
carbonic acid is present in most natural waters as free acid, or 
as the bicarbonate. The free acid is partly dissociated into 

ae oe 
its ions, H and HCO,. The number of hydrogen ions that can 
thus occur in natural waters very greatly exceeds the number 
due to the dissociation of water itself, and under similar con- 
ditions the rate of solution of the iron will be proportional to 
the number of hydrogen ions. The iron dissolved under these 
circumstances may be regarded as being present in the water as 
ae 

ferrous bicarbonate, Fe, 2HCO;. In the presence of oxygen the 
iron becomes quickly oxidized to the ferric condition, hydrolysis 
occurs, and the iron is precipitated as a hydrated ferric oxide. 
If the oxidation takes place as fast as the iron is ionized and 
at once, the apparent result of the corrosion may be a coating 
of more or less adherent rust. When hydrolysis occurs hydro- 
gen ions are again released equivalent to the negative ion of 
the carbonic acid, and thus the same molecule of carbonic acid 
may cause the corrosion of its equivalent of iron over and over 
again. 

Nearly all Iowa waters contain 5 to 25 parts per million of 
free carbonic acid and large amounts of bicarbonates, which 
gradually give off in the cold one-half of their carbonic acid on 
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standing, with the precipitation mainly of normal calcium car- 
bonate. The decomposition is of course greatly accelerated 
when the water is boiled. The free carbonic acid that may be 
derived from this source varies in lowa waters from 100 to 
200 parts per million. In view of the above statements it may 
be readily understood why boilers rust more at some points 
than at others. At the water level the metal may be acted upon 
by the carbonic acid in the water and by the dissolved oxygen 
at: the surface of the water. At the intake, where much corro- 
sion occurs, carbonic acid is being rapidly set free from the 
bicarbonates, and neither it nor the oxygen has yet been ex- 
pelled from solution by boiling. 


ACID WATER. 


Hydrogen ions, which may be regarded as the main initial 
cause of the corrosion of iron in boilers, are not alone due to the 
slight dissociation of water or to carbonic acid. Salts containing 
a weakly basic metal or a weakly acid radicle or both undergo to 
a greater or less extent what is known as hydrolysis: that is, 
water reacts with the metallic radicle forming an oxide or a 
hydroxide and hydrogen ions, or, what amounts to the same 
thing, free acid. Salts of copper, aluminum, and iron offer good 
examples. <A solution of copper sulphate is always faintly acid, 
its hydrolysis taking place thus: 

shit == vac a “1-7 ee 
Cu, S0.,+2HO, 2H=Cu (OH.)+2H, SO, 


The hydroxide may be nearly insoluble and the main portion 
of it may form a precipitate, it may remain in true solution, or 
may assume an intermediate state known as the colloid con- 
dition. In the cases of iron, copper and aluminum the last is 
probably true. However, in any case a small part goes into 
{rue solution and is to some extent ionized. The hydroxyl ions 
thus accumulate and react with the hydrogen ions to form wa- 
ter; or, to take another view, they force back the dissociation of 
the water, thus bringing the reaction to a state of equilibrium. 
Some sulphuric acid, however, remains in solution and is highly 
ionized. Its hydrogen ions escape as neutral hydrogen and, as 
with earbonic acid, their place is taken by the ions of iron from 
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the boiler or from other iron that may be in contact with the 
solution. The iron may be oxidized to the ferric condition and 
precipitated, its place being taken by fresh iron ions. 

From recent work it appears that salts of the alkali metals 
and strong acids which undergo no hydrolysis and can not form 
hydrogen ions do not greatly influence the corrosion of iron. 
Heyn and Bauer’ found that the rusting if iron at room tem- 
perature is in general greater in distilled water than in dilute 
solutions of simple electrolytes. With increasing concentra- 
tion, however, the rusting increased somewhat and then de- 
creased. In general, salts at their maximum of activity caused 
more rusting than distilled water, but contrary to popular 
opinion solutions of potassium, sodium and calcium chlorides, 
sodium and potassium sulphates, and sodium bicarbonate 
showed less activity at their maximum than distilled water. 
With certain salts corrosion decreased very rapidly with in- 
creased concentration and soon ceased altogether. Salts of 
ammonium and particularly those of phosphoric acid showed 
high corrosive power, probably owing to their hydrolysis. 

The salts just enumerated as having less corrosive action 
than distilled water include most of the readily soluble salts 
usually calculated as possibly present in natural waters. From 
the above experiments corrosion at ordinary temperature can 
not apparently be ascribed to them, and this conclusion is in 
harmony with theory, for they can form no hydrogen ions. It 
ig a common observation, however, that metals in contact with 
some chemical substances, particularly common salt, corrode 
‘more rapidly when exposed to the air. This corrosive action 
is probably to be ascribed to the fact that such chemicals are 
usually hygroscopic, and the corrosion is probably due to the 
water which the salt takes from the air and holds in contact 
with the metal. 

ALKALINE WATER. 


As already intimated hydroxyl radicles counteract or neutral- 
ize hydrogen ions and thus inhibit corrosion. Alkaline waters 
do not corrode iron. Ordinary corrosive waters lose that power 
when treated with sufficient sodium hydroxide or any other 


1Hey Pals 1.5 and Bouer, O., Mitt. K. Prufungs-Anstalt, Gross Lichterfelde, vol. 
26, 1907, pp. 1-1 





* 


240 UNDERGROUND WATER RESOURCES OF IOWA 


chemical which when highly dissociated gives OH radicles, such 
as lime or soda ash. The action of the latter is to be aseribed 
to its hydrolysis, which gives highly dissociated sodium 
hydroxide: 





apes “it Pe Ree oa 

2 Na, CO,;+H, OH=Na, OH+Na, HCO; 
Kiven sodium bicarbonate is slightly alkalie—that is, it dis- 
sociates to a small extent into highly dissociated sodium hydrox- 
ide and very slightly dissociated earbonie acid, which ean, there- 
fore, give few hydrogen ions in comparison with the sodium 
hydroxide. Of course, if a water is heated any acid carbonate 
the water may contain is changed into the normal carbonate, 
which in turn will dissociate as given in the equation. More- 
over, the free carbonic acid set free when the normal carbon- 
ate is formed decomposes at the boiling temperature into water 
and carbon dioxide (which escapes), thus making impossible 
the formation of hydrogen ions from its own dissociation as 
would occur in the cold. Therefore it is evident that water 
containing relatively large amounts of alkali carbonate can 
not be corrosive. 


INDUSTRIAL SUPPLIES 


IMPORTANCE. 


Every town large enough to have a water system contains 
some industry dependent on a suitable supply of water. Steam- 
power plants are of primary importance, and water that can 
be used in boilers must be obtained for them. Many towns 
have steam laundries, artificial ice plants, tanneries, dye works, 
starch works, sugar refineries, and many other industries which 
demand water suitable for their particular needs. These needs 
can not be discussed in detail. Suffice to say that all desire the 
clearest and softest water they can get. However, on account 
of the universal need of boiler water, it seems desirable to de- 
vote some space to its consideration. 
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BOILER WATER. 


QUALITIES OF GOOD BOILER WATERS. 


Water may affect the boiler in which it is used in two chief 
ways—by the deposition of foreign matter (scale) and by direct 
corrosion of the metal. A good boiler water is one which will 
not foam, which will deposit the minimum of scale or sediment 
and which will not to any considerable degree corrode the metal 
of the boiler. The characteristics of a good boiler water are 
too many to mention in detail, but the following are those of 
most practical importance: (1) It should be normal in the 
sense that it must contain only the substances ordinarily found 
in natural water. It should not contain iron salts in excess of 
a few parts per million and it should contain no free mineral 
acids. Water from a coal mine or from a shale bed may con- 
tain not only iron salts but also free sulphuric acid, due to the 
oxidation of iron pyrite and other sulphides. The same may be 
true of water collected from ground near a coal yard or near 
heaps of ashes and cinder from soft coal. (2) It must contain 
as small a total amount of mineral matter as is practicable to 
find in a natural water in the locality, and its incrusting solids 
should be relatively low. (3) It should contain only small 
amounts of suspended matter, organic matter, oil, or any other 
foreign substance of similar nature. 

As already stated, the chief difficulty in the use of Iowa wa- 
ters is their high content of mineral matter, largely of the in- 
crusting sort. On that account they appear at a disadvantage 
as boiler waters when they are compared with ideal standards. 
It may be interesting to compare them with what is perhaps the 
best practical standard, that of the committee on water serv- 
ice of the American Railway Engineering and Maintenance of 
Way Association.” This standard is given in terms of incrust- 
ing solids and, stated in round numbers in parts per million, 
is as follows: 


*Proc. Am. Ry. Eng. and Maintenance of Way Assoc., vol. 5, 1904, p. 595. 
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Standard of quality of water. 
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This standard, in view of the actual conditions the country 
over and the effects of hard water, is to be taken as liberal in 
its allowance of incrusting solids. It apples to incrusting sub- 
stances and not necessarily to corrosive ones. Though highly 
mineralized waters may in«general be more corrosive, this 
action depends not on amount of matter in solution but mainly 
on its content of hydrogen ions under boiler conditions. Rated 
by this standard, probably practically none of the Iowa waters 
can be called good for boilers. A small percentage fall within 
the class ‘‘fair,’’? but most of the best waters, even in the north- 
eastern parts of the state, are to be classed as ‘‘poor.’’ On the 
whole the deep well waters and those of most of the rivers and 
ponds must be regarded as being too hard to give the best boiler 
service, though many of them give good results when the boil- 
ers are properly managed. 


BOILER SCALE. 
DEPOSITION. 


Nearly all Iowa well waters are acid to phenolphthalem— 
that is, they contain bicarbonates and from 5 to 25 parts per 
million of free carbon dioxide. On being exposed to the air, 
even without being heated, they lose carbon dioxide and pre- 
cipitate normal calcium carbonate, usually colored by small 
amounts of iron hydroxide. The precipitation is due to the 
breaking up of the bicarbonate radicle 2HCO;, into H.O+CO, 
+CO;; the CO. being evaporated and the carbonate radicle 
uniting with calcium to form calcium carbonate (CaCO;), which 
is precipitated. Magnesium also is precipitated, but as a basic 
earbonate, which may possibly cliange to hydroxide in a boiler 
under high pressure. The magnesium hydroxide found in boil- 
ers may originate partly in this way and partly by the direct 
hydrolysis of its salts at the high temperature of the boiler. 
The mixture of calcium carbonate and magnesium basic car- 
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bonate or hydroxide thus formed, with small amotnts of silica, 
iron, and aluminum hydroxides, settles ordinarily as a powder 
and does not alone form a hard scale. When, however, it is 
deposited in company with calcium sulphate, it forms the hard- 
est and most refractory of all boiler scales, apparently uniting 
into a cement of stonelike texture and properties. 


The deposition of calcium sulphate is slightly different. 
When a water containing the usual radicles is evaporated sev- 
eral compounds may be precipitated. If they were present in 
amounts proportional to their chemical equivalents the pre- 
cipitation would occur approximately in the reverse order of 
their solubilities in hot water. This proportion is practically 
never realized, however, and, moreover, waters in boilers are 
rarely allowed to become concentrated enough between blow- 
outs to precipitate more than one other compound, namely, 
calcium sulphate. 


Calcium sulphate is only slightly soluble in cold water, the 
amount contained in water at saturation being about 2,000 
parts per million. According to the determinations of Tilden 
and Shenstone, however, water when raised to the temperature 
attained in a steam boiler run at average pressure can retain 
only one-tenth of this amount, or about 200 parts of calcium’ 
sulphate. It follows that the calcium sulphate in many of the 
hardest Iowa waters would be precipitated in part if the water 
were not concentrated at all by evaporation, but only heated 
to the temperature corresponding to a steam pressure of about 
150 pounds. The conditions are even more favorable to pre- 
cipitation, because the temperature of the film of water in im- 
mediate contact with the boiler tubes and plates is probably 
raised to a temperature considerably higher than that corre- 
sponding to the steam pressure. The deposition of calcium sul- 
phate is more rapid the more the water is concentrated by evap- 
oration. 

The calcium sulphate deposits in a more or less crystalline 
vondition and cements together the particles of the other com- 
pounds of calcium and magnesium, forming in many cases a 
scale so hard that it can be removed only with some such in- 
strument as a cold chisel. 
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When a hard water is used in a boiler, scale usually accumu- 
lates rapidly in the manner above indicated, and being a very 
poor conductor of heat it insulates the boiler metal from the 
water to be heated, thus greatly decreasing the efficiency of the 
boiler and increasing the consumption of fuel. The difficul- 
ties do not end there. Corrosion usually accompanies the for- 
mation of scale, shortening the life of the boiler. There is 
also a loss of time in cleaning and repairing the boiler. The 
residual water must be frequently replaced by fresh water, 
and the accumulated scale must be from time to time mechani- 
cally removed, which is a difficult and time-consuming opera- 
tion and may cause considerable injury to the boiler. Even a 
loosely adhering scale or sediment in considerable amount is 
undesirable in a boiler. Not only is there loss of heat effect, 
but injector tubes become clogged and the sediment is likely 
to settle in a compact mass while the boiler is out of use. The 
plates may then be overheated when the fires are again started, 
and the breaking up of the mass and the sudden contact of hot 
plates and water may cause serious injury to the boiler or even 
cause it to explode. Numerous boiler explosions have been 
traced to this cause. 


CHEMICAL COMPOSITION OF BOILER SCALE. 


The most important scale formers are calcium and mag- 
nesium salts, but to these must be added silica and hydroxides 
of iron and aluminum, which are usually present in water in 
very much smaller amounts. Suspended matter, for the most 
part clays, may become entangled in the deposit so as to form 
a considerable portion of it. 

The scale-forming power of a water is not proportional to its 
total solids, but rather to the sum of certain radicles which on 
boiling form sparingly soluble or insoluble compounds. It de- 
pends, too, on the amounts of other constituents in the water 
than those commonly called scale formers, and on the condi- 
tions, such as temperature and the frequency of blow-outs, un- 
der which the boiler is operated. 

It is evident that boiler-scale can not have a definite chemical 
composition, even if the same water is used, as its make-up de- 
pends on the conditions named. It is hardly necessary to state 
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that the composition of the scales in different waters depends 
on the relative quantities of the scale-forming constituents in 
the waters. 

Attempts to combine the sulphate radicle and the small 
amount of the carbonate radicle, as shown in analyses of scale, 
with the calcium and the magnesium, disclose a shortage in the 
acid radicles, showing that the greater part, and sometimes all, 
of the magnesium must be present in the form of oxide or 
hydroxide. In some analyses the acid radicles are not even suf- 
ficient to combine with the calcium. Iron, aluminum, and silica 
are present as oxides in small quantities. Doubtless the pro- 
portion of magnesium and calcium hydroxides increases with 
the temperature inside the boiler and it is questionable whether 
any magnesium carbonate remains stable in a high-pressure 
boiler. 


PHYSICAL PROPERTIES OF BOILER SCALE. 


Boiler scale may vary as much in its physical properties as 
in its composition, which depends on the nature of the mineral 
content of the waters from which scales are formed. The hard- 
est scales are those containing large amounts of calcium sul- 
phate cementing smaller amounts of calcium carbonate and 
magnesium oxide, and such scales are deposited from waters 
containing calcium largely in excess of the CO; radicle and large 
amounts of the SO, radicle. From such scales there are ali 
grades to the powdery forms which scarcely adhere at all, yield 
to the touch, and may be washed from the boiler tubes with a 
hose. Soft scales do not greatly differ from the deposit formed 
when a scale-softening boiler compound is used. Some waters 
are said to carry their own boiler compounds, which means that 
the bicarbonate radicle is equivalent to or in excess of the cal- 
cium and magnesium. When they are boiled the carbonate 
radicle (CO;) is formed and nearly all the calcium and mag- 
nesium are precipitated. Most of the Iowa waters of small min- 
eral content belong to this class, but such waters heavily min- 
eralized are not wanting. The two deep wells at Glenwood 
contain the bicarbonate radicle far in excess of the calcium and 
magnesium and their waters form no hard scale. 
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SCALE-FORMING POWER OF DIFFERENT WATERS. 


As a rule chemists and engineers assume as scale-forming all 
calcium and magnesium carbonates and sulphates that can be 
calculated from the analytical data, together with silica and 
the oxides of iron and aluminum. Recently Herman Stabler’ 
has proposed formulas by the aid of which may be caleulated 
the corrosive action of a water, the amount of scale it is likely 
to form, and the amounts of chemicals necessary to soften it, 
without regard to any rigid assumption as to the chemical com- 
pounds that may exist in the water. His formula for calculat- 
ing the amount of scale assumes that under ordinary boiler 
conditions all suspended and colloidal matter is precipitated; 
that all iron, aluminum, and magnesium: are precipitated as 
oxides and all calcium to the full extent of its ability to com- 
bine with the carbonate, bicarbonate and sulphate radicles. Cer- 
tain reactions are given, not as necessarily showing all that 
takes place, but as equations which express the known results 
of changes that occur within the boiler. They are as follows: - 


2A] 3H20=Al-O3-++ 6H. Ca+2HCO;=CaCO:+H:0+C0». 
Fe+H,0=Fe0-+ 2H. Ca+SO.=CaSO.. 
Mg+H:0=Mg0-+ 2H. H+HCO:=H20+C0Osz, 
Ca+COs=CaCOs. 2H+COs=H:0+COsz, 


The first three reactions are regarded as practically complete. 
The division of the carbonate and bicarbonate radicles between 
calcium and hydrogen and the division of the calcium between 
the carbonate and sulphate radicles are not definitely known, 
and they probably differ with different conditions of boiler op- 
eration. Formulas were constructed for maximum and mini- 
mum scale formation, but the differences were so small that 
they were rejected for one showing the average scale forma- 
tion, as follows: 

Sc (scale) =0.00833 Sm (suspended matter) +0.00833 Cm (colloidal matter) + 

0.0107 Fe +0.0157 Al +0.0188 Mg +-0.0246 Ca. 

The result is in pounds per 1,000 United States gallons of 
water, when Sm, Cm, Fe, and the other amounts represent parts 
per million found by analysis. The value 0.00833 is one part. 
divided by 120 to convert parts per million to pounds per 1,000 


1Mngineering News, vol. 60, Oct. 1, 1908, p. 355. 
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United States gallons. The value 0.0107 for iron represents 
one part of iron calculated to FeO and divided by 120. The 
value for calcium is the mean of one part of calcium calculated 
to carbonate and one part calculated to sulphate, and the mean 
divided by 120. From this explanation the remaining values 
will be evident. The amount of calcium introduced into this 
formula should not be in excess of the calcium equivalent of the 
carbonate, bicarbonate and sulphate radicles—that is, Ca should 
not exceed 0.668CO,+-0.328HCO;+0.417S0O,,. because such ex- 
cess would not be precipitated. 

The precipitated matter may be hard scale, wholly or in part, 
or it may be powdery sludge. The amount of hard scale that 
may be expected from a water can be calculated by means of 
the subjoined formula, which assumes: that hard scale is com- 
posed of silica, calcium sulphate and magnesium oxide. All the 
silica and magnesium are precipitated, together with an amount 
of calcium dependent on the relative abundance of the chloride, 
sulphate and alkali metal radicles. 


Hs (hard scale)=0.00833 SiO2+0.0138 Mg+(0.016 Cl+0.0118 SO.—0.0246 Na— 
0.0145K). 


The first two values will be clear from the preceding explana- 
tion. The value 0.016Cl equals the calcium sulphate corre- 
sponding to the calcium that might be associated with chlorine; 
0.0118 is the calcium sulphate that might be formed from all 
the SO, radicle present. The values 0.0246Na and 0.0145K rep- 
resent the calcium sulphate corresponding to these two metals. 
The value for the parenthesis of this formula must not exceed 
0.011880, or 0.0283Ca in order that deposition of impossible 
amounts of scale shall not be indicated. 

These two formulas permit calculation of the hardness of the 
scale which a water will form. The coefficient of scale hard- 
ness, h, equals Hs divided by Se. 

PREVENTION OF SCALE. 
WATER SOFTENING. 

The waters of Iowa are undesirably hard for steam boilers 
and for most industrial purposes. This is especially true of 
well waters. The condition is a permanent one and the incon- 
venience of using such waters in the natural state will increase 
as the industries of the state are developed. It would seem in 
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the natural order of development that the softening of wa- 
ter for industrial purposes should become general, as the ap- 
paratus and processes are improved and as the advantages 
become better understood. Already good beginnings have been 
made. Several railroads are successfully operating softening 
plants within the state. Of these the Chicago & North Western 
Railway has made the widest application of the process, having 
twenty-two plants in Iowa with a total capacity of 5,500,000 gal- 
lons a day. Several ice, traction, lighting, heating and mannu- 
facturing concerns are operating on a large scale plants in 
which the principles of water softening are employed in a thor- 
ough-going way, aiming at the removal of all the scale-form- 
ing material possible. The plants operate in the cold and prob- 
ably give as good results in point of efficiency and economy as 
are obtainable at the present time. 


METHODS OF SOFTENING WATER. 


In softening water the main purpose is to remove those sub- 
stances which form scale—calcium, magnesium, aluminum, iron, 
silica, the carbonate radicles, and suspended matter. The 
hydrogen ions are removed when water is softened by the use 
of alkalies, thus rendering the water practically noncorrosive. 
These results should be accomplished with the addition of a 
minimum of foreign substances, which in small quantities should 
be harmless. The methods may be classified as follows: 

Hot softening: 
1. (a) Heating the water alone, usually in a feed-water heater. 
(0) Heating the water and adding chemicals. 
2. Heating in the boiler, and using a boiler compound, 
3. Heating in a separate plant with chemicals. 
Cold softening: 


4. Treating in a separate plant with chemicals, usually lime and 
soda ash. 


HOT SOFTENING. 


In feed-water heaters.—Purification of water by heating it is 
usually carried out in a feed-water heater, or preheater, in 
which the raw water is heated with exhaust steam and is fed to 
the boiler at about the boiling temperature. The boiling of 
water containing considerable quantities of calcium, magnesium 
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and the bicarbonate radicle causes the precipitation of calcium 
carbonate and basic magnesium carbonate, which continues till 
either the basic or the acid radicle is exhausted. The hydroxides 
of iron and aluminum may be precipitated at the same time. 
The substances in the water may be present in such proportions 
that the whole of the incrusting solids are removed to the limit 
of solubility of the carbonates and hydroxides. In the feed- 
water heater, however, the water is usually not actively boiled, 
and any one portion of the water remains near the boiling point 
only a short time before it is run into the boiler. The result is 
that the precipitation is far from complete. In most waters 
the content of calcium and magnesium together is more than 
equivalent to the bicarbonate radicles. In many installations 
the aim is, therefore, to add the necessary amount of carbonates 
in the form of soda ash. 

_ Forms of feed-water heaters are many, but they may all be 
classified under two general heads, as closed heaters and open 
heaters. Closed heaters are those heaters in which the steam is 
conducted through tubes placed in the water to be heated and 
purified or those in which the water passes through pipes sur- 
rounded by exhaust steam. Open heaters include those in which 
the water is sprayed into chambers or run in thin sheets over 
plates in immediate contact with the steam, and this style has 
the advantage of immediate contact of steam and water. In 
any form of feed water heater there should be a reservoir at the 
bottom, undisturbed by strong currents of either water or steam, 
where the precipitated matter may settle and from which the 
‘“‘sludge’’ may easily be drawn off. In some forms the hot puri- 
fied water is carried from the upper part of this reservoir di- 
rectly into the boiler and in others it is drawn from a compart- 
ment separated from the settling chamber by suitable filtering 
units. 

Aside from their merits as economizers of fuel, feed-water 
heaters have the advantage of permitting the precipitation of the 
mineral matter where it can easily be removed—that is, before 
it reaches the boiler. Furthermore, the mineral matter is far 
less likely to form scale. For the most part it is deposited as a 
powdery mass which can easily be washed out. In the closed 
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feed-water heater the temperature of the metal does not rise 
above about 100°C, and in the open heater metallic heating sur- 
faces scarcely come into account. 


Hot softening in boilers—Competent engineers generally 
agree that the time to soften,a water is before it enters the 
boiler, where the sludge can be most harmful and where it is 
the most difficult to remove. Softening in the boiler is prob- 
ably to be regarded as a poor make-shift, justifiable only where 
the accessory softening apparatus can not be provided; never- 
theless, the use of boiler compounds seems to be fairly gen- 
eral. 

The number of boiler compounds on the market is large. . 
Some which are intended to precipitate the mineral matter in 
the boiler, consist of soluble alkalies; others, intended to pre- 
vent the adherence of hard scale, may contain clay, sawdust, 
graphite, glycerin, and oils of various sorts; others are said to 
contain acids and acid salts, such as acid sodium sulphate. 

If no better scheme than that of using chemicals in the boiler 
is available, this should at any rate be done with due regard 
to the requirements of the case in hand. It is obvious that any 
general commercial boiler compound can only by chance be 
suitable for any specific water. To get the best results the sub- 
stance used, in most cases a mixture of the alkalies, should cor- 
respond in its composition and in the amount used to the par- 
ticular requirements of the water to be treated. An accurate 
mineral analysis of the water should be made, and then a boiler 
compound should be made for that water. It should be used 
only in sufficient amount to cause complete precipitation of 
scale-forming substances. Sodium carbonate will probably serve 
the purpose best. 

Hot softening away from the boiler—There is no great dif- 
ference between the chemistry of this process and feed-water. 
heating save that the apparatus is a separate one and the water 
is stored and used as required. It is less economical, since the 
water is stored and allowed to cool. The precipitation and 
settling of the sludge are, however, facilitated by heat. 
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COLD SOFTENING. 


Probably the most thorough-going and extensive application 
of the principles of water softening is to be found in the large 
plants for the softening of hard water at ordinary tempera- 
ture. Though there are many forms of apparatus for this pur- 
pose now in use, their principles of operation are much the 
same. They are to a large extent automatic. The water to be 
softened is measured by some sort of automatic device, and 
the same may be said of the chemicals in solution or suspen- 
sion. For example, in the apparatus designed by George M. 
Davidson for the Chicago & North Western Railway Company 
the water to be softened is measured in two tilting vessels hold- 
ing about 100 gallons each. These are geared to pumps with 
eylinders of adjustable capacity which supply the chemicals in 
known quantities parallel to the volumes of water to be softened. 
The weight of the water also supplies power for the stirring 
in the precipitation tank. In other forms power is supplied 
by means of a water wheel, as in the Kinnicut apparatus. All 
forms have several separate vessels, including chemical tanks 
or boxes, a precipitation tank, usually two settling tanks, and 
a storage tank. To secure compactness some of these are re- 
duced to compartments, as in the Kinnicut apparatus. The 
capacities of such plants vary with the requirements, some 
having as small capacity as 200 and others as large as 60,000 
gallons per hour. . 

The softening of water in the cold is accomplished by pre- 
cipitating the objectionable or scale-forming material in the 
form of hydroxides and normal and basic carbonates. It is 
necessary to add hydroxyl radicles to neutralize hydrogen so 
as to form the hydroxides of iron, aluminum, and magnesium 
and to convert the bicarbonate radicles and dissolved carbon 
dioxide into normal carbonate radicles in order to precipitate 
ealcium. If the amount of. normal carbonates is not sufficient 
to precipitate the calcium, then carbonate radicle must be added, 
usually in the form of soda ash. Sodium hydroxide might be 
used to supply the hydroxyl radicles, which would introduce 
comparatively harmless amounts of sodium, but lime is com- 
monly preferred on account of its cheapness. The calcium in- 
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troduced by the use of lime must in turn be removed as car- 
bonate, for which extra soda ash may be required. 

The following equations express at least approximately the 
reactions involved: 


oo = — pee = 
H + HO=H,.O HCO; + OH=H.0+CO,; 
+++  — — — 
Al +3 OH=Al] (OH); CO, +2 OH=H,0+CO, 
++ = ++ = 

Fe +2 OH=Fe (OH): Ca + CO,=CaCO, 


cone = 
Mg +2 OH=Mg (OH), 

Leaving out of account the small amount of silica, the sul- 
phate radicle is the only substance, of those commonly found 
in scale, that remains in the water at the end of this process. 
However, this radicle is now associated for the most part with 
sodium. Sodium sulphate is very soluble in water and is not 
likely to cause trouble until it becomes concentrated enough to 
aid materially in causing the water to foam. 

Stabler’ has given, perhaps in the most scientific and con- 
venient form, formulas for the calculation of the weights of 
soda ash and of lime which must be added to soften in the cold 
a water of known mineral content, The first gives the lime re- 
quired and the second the soda ash which the same water will 
require, if it requires any, after the lime has been added: 

Lime required=0.00931Fe+0.0288A1+0.0213Mg+0.258H+ 
0.00246HCOs+0.0118COs. 
Soda ash required=0.0167Fe+0.0515Al+0.0232Ca+0.0382Mg+ 
0.462H—0.0155COs—0.00763HCOs. 

The two equations give, respectively, the amounts of lime 
90 per cent pure and of soda ash 95 per cent pure required to 
precipitate in the cold the scale-forming ingredients and to 
neutralize the corrosive ingredients. The manner of deducing 
the coefficients is explained in Mr. Stabler’s report. The sym- 
bols in the equations represent the amounts in parts per mil- 
lion of the constituents of the water. If the second equation 
has a negative value or is equal to zero, no soda ash is required. 

It will be noted that these formulas take no acecuunt of the 


tWater-Supply Paper U. S. Geol. Survey No. 274, 1911, p. 170. 
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hypothetical salts that may exist in the water solution, and 
rightly so, for the present theory is that in such dilute solu- 
tions there is almost complete electrolytic dissociation. In 
practice the formulas may be simplified without leading to large 
errors and in many waters the errors would not be perceptible. 
In lowa waters iron and aluminum rarely exceed one or two 
parts per million, the normal carbonate radicle is rarely pres- 
ent, and acid hydrogen is also exceedingly small in amount. In 
the majority of computations, therefore, only calcium, mag- 
nesium, the bicarbonate radicle, and free carbonic acid need 
be taken into account. It is probable, moreover, that where only 
one to two parts per million of iron and aluminum are present 
they could not be removed even in part by softening, because 
the amounts of their hydroxides possible would not exceed the 
solubility limit of those hydroxides. 


LIMITS IN REMOVING INCRUSTING MATTER, 


It is not possible to remove all of the imecrusting matter 
from water by precipitation, as none of the compounds that 
are formed are wholly insoluble. If it is assumed that calcium 
carbonate and the hydroxides of magnesium, iron, and alum- 
inum would be dissolved in the purified water to the same ex- 
tent as in pure water, there would be about forty parts per 
milhon of the four incrustants remaining in solution. The 
solubility of aluminum hydroxide is here rated as about the 
average of the other three compounds. Forty parts per million 
may be taken as about the limit of efficiency in water softening 
ideally carried out. In practice there is not always time for 
thorough mixing, nor for the reactions to complete themselves, 
nor for thorough settling. It can scarcely be claimed that analy- 
ses are perfect and that the chemicals are accurately adjusted to 
the work to be done. In view of these difficulties it is not surpris- 
ing to find that in practice the amount of incrusting matter re- 
maining ranges from 50 to 100 parts per million. The average 
is about 70 parts, an amount of scale-forming material so small 
as to be regarded as comparatively harmless. In practice the 
residual incrusting matter seems to be within wide limits, large- 
ly independent of the amount originally present. 
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COST OF SOFTENING WATER. 


So far as relates to the cost of the plants themselves, little 
information can be given, ag they differ widely in form, ma- 
terials and capacities. The cost of operating expenses and 
chemicals ranges from one cent to ten cents per 1,000 gallons. 
The average is about three cents in Iowa plants, so far as in- 
formation has been obtained. The cost for chemicals is very 
small for waters in which the calcium and magnesium do not 
exceed in chemical equivalence the carbonate radicles present, 
as for these waters only lime is required. Where the contrary 
is true the carbonates must be supplemented by the addition 
of the more expensive soda ash. In a general way, however, 
the cost of chemicals runs parallel to the unsuitableness of the 
water for boiler use in its natural state. 


Considerable information has been collected relating to the 
profitableness of softening plants, and it is uniformly to the 
effect that they far more than repay their cost. The Chicago 
& North Western Railway Company, which has taken up water 
softening on a more extensive scale than any other institution 
in the state, reports that the results are very gratifying, the 
cost being more than repaid by the economy of fuel, the in- 
creased life of boilers, the efficiency of the engines while work- 
ing, and the great decrease in their periods of idleness in the 
repair shops. | 

SUMMARY. 


The subject of water softening has been treated fully because 
it is believed that its use should be greatly extended in the 
state and should become general where water is used in con- 
siderable quantities for industrial purposes. It has already 
been proved practicable and profitable when carried out on a 
large scale. Great improvements in the process have been 
made in the last few years, and still further improvement in 
the way of cheapness and simplicity is likely. It does not seem 
probable that a people so thoroughly progressive in other re- 
spects should be satisfied with what nature gave them in the 
way of water for industrial purposes, any more than they have 
been content to depend for their town supplies on private wells 
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or on a public system with polluted water unsuitable for do- 
mestic purposes. 

Among the cities and towns of Iowa sharp rivalry and keen 
competition exists in securing industrial establishments which 
may contribute to their growth and wealth. Water systems 
have been installed in many towns sooner than they would 
otherwise have been, in order to obtain suitable protection from 
fire and more favorable insurance rates, and especially in the 
larger towns, to benefit the manufacturing interests and to in- 
duce other concerns to locate in them. In some towns private 
companies have been organized to put in supplementary sys- 
tems of water more suitable than the city water for boiler and 
other industrial uses. Several years ago public-spirited citi- 
zens of Grinnell bought suitably located land, built a dam for 
an artificial lake, and put in the necessary conducting mains, 
pumping machinery, and storage, at a cost of about $40,000, to 
make the water of this lake available for industrial uses. 

Any establishment using large volumes of water can well 
afford to install its own softening plant, and in some places 
the manufacturing interests may well combine to erect and 
operate a softening plant to treat for their purposes water 
drawn from the city system. It undoubtedly could be done for 
a small fraction of the outlay necessary to put in a whole extra 
water system, and probably it would secure a far better water. 


CORROSION OF BOILERS. 
NATURE AND LOCATION. 


Corrosion of boilers may be general over considerable sur- 
faces; it may take the form of grooving in the direction in 
which the iron was rolled or drawn, or it may be localized at 
certain points producing depressions, known as ‘‘pits.’’ Some- 
times the pits may be concealed by prominences composed of 
adherent rust formed at the expense of the iron. Corrosion is 
likely to take place more rapidly on the bottom plate of the 
boiler; at the water line, especially if the boiler is used inter- 
mittently; around bolt heads and stays; and near the water 
intake. 
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CAUSES OF CORROSION. 


The corrosive action may be assumed to take place at ordi- 
nary temperature, and the theory may be applied to the ordi- 
nary rusting of iron in the presence of air and natural water. 
At boiler temperature the corrosive action is in many respects 
the same, though it may be much accelerated by heat. Some 
additional phases, however, must be considered, the most im- 
portant being the apparent direct decomposition of the water 
by the heated iron, accompanied by its oxidation, and the sup- 
posed hydrolysis of magnesium chloride setting free hydro- 
chlorie acid. Ost’ has furnished much information on these two 
subjects. ; 

In many textbooks and papers dealing with the corrosive 
action of water it is stated that magnesium chloride undergoes 
hydrolysis when its solution is boiled, setting free hydrochloric 
acid, and that, therefore, water containing this salt can not be 
used in boilers. This statement has apparently been copied 
from Wagner.’ It is true that when the hexahydrate of mag- 
nesium is heated, it undergoes some hydrolysis and forms 
some hydrochloric acid, but that any such action takes place 
on heating a dilute solution of magnesium chloride, such as 
would occur in boilers, seems doubtful. Ost studied the action 
of salts and especially of magnesium chloride on iron under 
the ordinary conditions of temperature and pressure in steam 
boilers. He used boilers of about 21% liters capacity, made of 
iron, copper, and copper lined with tin. He first distilled dilute 
solutions of magnesium chloride to a concentration of 20 per 
cent, and found the distilled water free from hydrochloric acid, 
though the copper and the tin vessels were attacked. He then 
repeated his experiments with a boiler of Krupp-Siemans-Mar- 
tin steel, at a pressure of 10 atmospheres, corresponding 
to a temperature of 183° C. After every experiment, no 
matter whether pure water or salt solutions were used, the 
surface of the boiler was covered with ia dark layer of ferrous 
oxide. As air was excluded Ost could assign the formation of 
oxide only to the decomposition of water, which, as special 
experiments showed, took place to some extent even at 100° C. 


1Chem.-Zeitung, vol. 26, pp. 819, 845. 
2Dingler’s Polytech. Jour., vol. 218, p. 70. 
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In a series of experiments magnesium chloride, potassium 
chloride, sodium sulphate, potassium sulphate, calcium chloride, 
and magnesium sulphate, in five per cent solution, were tried. 
The solutions produced approximately the same amount of 
ferrous oxide, but iron went into solution only when magnesium 
sulphate or magnesium chloride was used. The solution of 
iron was not proportional to the decomposition of water and 
the oxidation of tthe iron. The last was strongest when cal- 
cium chloride, potassium chloride, potassium sulphate, and 
sodium .sulphate were used. Magnesium chloride, therefore, 
ean not dissolve iron through hydrochloric acid formed by its 
hydrolysis. The fact that iron goes into solution when mag- 
nesium salts are used is due, according to Ost, to the reactions 

MgCl, +Fe (OH),— = ~>FeCl, +Mg (OH). 

MgSO,+Fe (OH). _ =~ @FeSO.+Mg (OH): 

These reactions are reversible and with equivalents present 
should run preponderatingly from right to left. The reversal is 
due to the mass of magnesium salts. 

From these experiments it seems evident that magnesium 
chloride has not the high corrosive action on boilers usually 
ascribed to it. It is not to be classed with salts of copper, iron, 
and aluminum, which undergo hydrolysis even at ordinary tem- 
perature. The facts seem to be that neither the salts of mag- 
nesium nor those of calcium, potassium, or sodium, when the 
negative radicle is that of a strong acid, have essentially more 
corrosive action on iron than water itself at the same tempera- 
ture with air excluded. 


Ost found that under a pressure of 10 atmospheres a mag- 
nesium salt loses its power to carry iron into solution when one- 
fourth of its equivalent of calcium carbonate is present. The 
explanation is that the magnesium salt and the calcium car- 
bonate react, forming magnesium basic carbonate and hydrox- 
ide, which serve to drive the above neaction from right to left. 
In this and in other ways calcium carbonate may check cor- 
rosion. It is not entirely insoluble in water, and the dissolved 
portion may be assumed to be dissociated. It may react with 
any strong acid present, forming carbonic acid which will be 


17 + 
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decomposed and thrown out of the chemical system at higher 
temperatures, thus, 

++ = + == ++ = 

Ca, CO;+2 H, SO,=Ca, SO.+H.0+CO, 

INTERPRETATION OF ANALYSES WITH REFERENCE TO CORROSION. 

In the corrosion of iron the metal takes the place of some 
other positive radicle, as for example, hydrogen which may 
escape, or copper which may be precipitated. There seems lit- 
tle doubt that in practice the hydrogen radicle is almost the only 
agent of corrosion. As already indicated, ionic hydrogen may 
be present in the cold water, and its amount may be increased 
by increased hydrolysis of copper, iron, and aluminum at high 
temperatures. Though we are hardly justified in adding mag- 
nesium, it may, as Ost has indicated, aid in the solution of iron 
already oxidized. 

Certain substances, on the other hand, restrain or prevent 
corrosion—that is, they tend to neutralize the hydrogen radi- 
cles. The soluble carbonates have been mentioned. The water 
is corrosive or noncorrosive according to the preponderance of 
the corrosive agents or of the restrainers. It is very desirable 
to know from the analysis of a water whether it is likely to be 
corrosive or not, but it is evident from contemplation of the 
large number of substances that ordinary water may contain 
that the problem is somewhat complex. Stabler’ has proposed 
a formula by which it may be inferred whether a water is 
likely to be corrosive or not. C, the coefficient of corrosion, is 
computed thus: 

C=1.008 (rH-++rAl+rFe+7Mg—rC0O;—rHCOs) 


Here r is the reacting weight of the respective radicles with 
which it is associated and the reciprocal of the equivalents of 
those radicles; H, Al, Fe, etc., are the weights of these sub- 
stances in parts per million as found by analysis. If r is mul- 
tiplied by the weight in milligrams of the element and the 
product multiplied by 1.008 the result will be the weight of acid 
hydrogen chemically equivalent to the radicle. Supplying the 
value of r and multiplying through by 1.008, we have the equa- 
tion: 

C=H+0.1116 Al-++0.036 Fe+-0.0828 Mg—0.0336CO,;—0.165HCO, 
> tWater-Supply Paper U. S. Geol. Survey No. 274, 1911, p. 175. 
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That is, the weight of ionic hydrogen that may appear on 
heating the water is equal to the weight of hydrogen radicle 
found by analysis (the acidity expressed in terms of hydrogen), 
plus the hydrogen equivalents of iron, aluminum, and mag- 
nesium, minus the hydrogen equivalents of the carbonate and 
bicarbonate radicles. In interpreting the value of C due re- 
gard must be paid to the fact that calcium carbonate may be 
precipitated on boiling, since this carries out of the system the 
carbonate radicle with which hydrogen may unite to form water 
and carbonic acid. Granting that all possible calcium carbonate 
will be precipitated, and that the neutralizing action of this solid 
is nothing, the effect of the carbonate radicle to counteract cor- 
rosion will be reduced by 1.008. rCa, or 0.0503 Ca. With this 
latter value in view, three cases may be distinguished: 

1. If C is positive, corrosion will certainly occur. 

2. If C+0.0503Ca is negative, no corrosion due to mineral 
matter will occur. 

3. If C is negative and C-+-0.0503Ca positive, corrosion may 
or may not occur. 

As the coefficient of corrosion is equivalent to the concentra- 
tion of the hydrogen ions, corrosion is in general proportional 
to the positive value that can be assigned to C. There is reason 
to believe, however, that corrosion is facilitated by certain other 
conditions. The reason that pure zine will not readily dissolve 
in pure acid seems to be that its surface quickly becomes cov- 
ered with a film of hydrogen which prevents further action. 
If, however, the zine is placed in contact with some metal of 
lower solution pressure, such as lead or copper, or with some 
indifferent but conducting substance, such as graphite, an elec- 
tric battery or couple is formed. The hydrogen then appears on 
the second metal or on the graphite, and the action of the acid 
on the zine is greatly accelerated. This principle has wide ap- 
plication in accounting for the corrosion of iron. Rust once 
formed on a boiler plate or tube acts toward the uncorroded 
iron in the same way as the copper toward the zinc in the in- 
stance just described—that is, the mass of rust becomes the 
cathode plate and the iron the anode of an electric couple and 
the rusting of the iron is greatly increased., Once the action 
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is started it is likely to continue and spread at that place, pro- 
ducing a nodule of rust under which is a pit in the metal. A 
familiar illustration may be given. Every one has observed 
that a polished tool such as a knife blade, a saw, or a chisel 
may long remain bright and free from rust, but that once it has 
been attacked by rust, the action will continue in spite of all 
ordinary attempts to prevent it. The same electric action may 
take place around the bolt heads when the bolts and the plates 
are not made of the same quality of iron. Even the same piece 
of iron may not be homogeneous in its composition, and there- 
fore, one part may be anode and a neighboring one may be 
cathode. It is probable that the grooving of iron by rusting 
may be accounted for in this way. 
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CHAPTER VII. 


MINERAL WATERS. 
BY W. S. HENDRIXSON. 


DEFINITION 


All natural waters, whether from streams, lakes, or wells, 
are mineral in the sense that they contain in greater or smaller 
amounts certain chemical substances occurring on or near the 
surface of the earth. Popularly, however, the term ‘‘mineral 
waters’’ is used to designate waters that contain unusual sub- 
stances in solution or common substances in unusual amounts. 
The term is often applied to waters containing some constitu- 
ent observable directly by the senses, such as sufficient iron to 
stain rocks near springs or enough hydrogen sulphide to. be 
detectable by the odor. Many waters contain enough of certain 
radicles, such as chloride or sulphate, to possess a decided 
‘taste, and these are classed as ‘‘mineral waters.’’ Analyses of 
many commercial mineral waters show that they contain no 
appreciable amounts of substances not ordinarily found in most 
natural waters, or that they contain traces of substances not 
usually sought for in the analysis of water, but in amounts too 
small to have any medicinal value. The character of com- 
mercial mineral waters is well shown by the analyses of 53 of 
of the most prominent of such waters made by the Department 
of Agriculture.’ 


MEDICINAL VALUE 


Probably the best drinking water for most persons is organ- 
ically pure water containing in small amounts only the usual 


1Haywood, J. K., Mineral wa'tters of the United States: Bull. No. 91, Bur. Chem- 
istry, U. S. Dept. Agr., 1905. 
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inorganic constituents found in nearly all natural waters, for 
to such water the human system is apparently best adjusted. 
The amounts of such matter may apparently be greatly varied 
without causing any observable bad effects. No very definite 
evidence that waters containing as much as 1,000 parts per 
million of the common ingredients are temporarily or perma- 
nently injurious is obtainable. When the solids are much 
greater than this amount, the waters are objectionable to many 
persons because of their taste, and they may prove laxative, 
at least till persons become accustomed to them. This is, of 
course, more likely to occur if the sulphates are large in amount. 

The medicinal effect of mineral waters is open to investiga- 
tion and discussion, for no comprehensive and scientific inves- 
tigation on this subject, dealing with large numbers of patients 
and a variety of well-characterized waters, has been carried out. 
It does not inspire confidence in the healing powers of mineral 
waters to find that the same water is recommended to cure a 
great variety of unrelated diseases, that very different waters 
are advertised to cure the same disease, and that, perhaps, the 
majority of ‘‘mineral waters’’ do not differ materially in their 
mineral content from widely distributed normal waters that are 
used by thousands of persons without a thought of their pos- 
sessing any special medicinal value. It is by no means con- 
clusive evidence of the therapeutic value of mineral waters that 
many persons who visit mineral-spring resorts and sanitar-- 
iums are benefited. The very fact that persons suffering from 
a large variety of diseases are helped by one and the same water 
would seem to indicate that the mineral content of the water 
has little to do with it. Persons who visit such institutions are 
subjected to conditions different from those surrounding their 
own homes; they are temporarily relieved from burdensome 
cares and are more or less firmly convinced that they will be 
benefited or cured; they take normal exercise, stay out of doors, 
and drink plenty of water, thus cleansing their stomachs and 
regulating their body functions. Such conditions are powerful 
factors in curing disease. 

Medicinal value may, however, be ascribed to mineral waters 
of certain kinds. Considerable amounts of lithium may assist 
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in eliminating uric acid and calculi, and the iron of the water 
may possibly prevent undue loss of organic iron in anemia. Al- 
kaline waters may correct too great acidity in the digestive tract, 
and magnesium or sodium sulphates may prevent constipation. 


EXTENT OF MINERALIZATION 


The main purpose of this study has been to determine the 
suitability of Iowa waters for industrial and not for physiologic 
purposes, and no attempt has been made to determine lithium 
and some other substances occurring rarely and in very small 
- amounts. Doubtless lithium occurs in quantities detectable by 
the spectroscope in some Iowa waters, but probably not in suf- 
ficient amounts to make the waters physiologically bene- 
ficial to those using them. Iowa waters, like commercial min- 
eral waters, should be judged by their content of the substances 
occurring in measurable amount in them. If they are rated in 
this way, there appears no evident reason why many Iowa 
waters should not be considered equal to well-known mineral 
waters. Many waters on sale are so highly mineralized that 
they are not suitable for general industrial or domestic use, 
and their characteristics are not unlike many in Iowa that well 
drillers avoid and case out. To make this fact plain, compari- 
sons of some well-known commercial mineral waters with typi- 
cal Iowa waters are made. Few well waters in Iowa are so 
lightly mineralized as those given in the following table: 
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Comparison of light mineral waters with two Iowa waters and with Lake 
Michigan water. 


{Parts per million] 
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aSum of constituents without subtracting one-half the bicarbonate radicle. 
bNitrite radicle (NO,), .003 part per million; ammonium radicle (NH,), .069 part. 
cNitrate radicle (NO, ), 7.08 parts; ammonium radicle (NH,), .005 part. 
dNitrate radicle (NO, id 88.6 parts; ammonium radicle (NH pe .01 part. 

eNitrate radicle (NO, ), 3.54 parts; ammonium radicle (NH,), -04 part. 
fHaywood, J. K., op. “cit., pp. 42, 51, Oigunes 


The well water from Atlantic, Iowa, is chosen on account of 
its small content of mineral matter for a well water. That from 
Manchester, Iowa, may be considered typical of the best waters 
of the large springs in Iowa. The Lake Michigan water is in- 
cluded because the analysis represents the average quality of 
water drawn from widely different sources and because it is 
not considered an exceptional water possessing special medic- 
inal properties. 

The next table compares three mineral waters of rather low 
total solids with one of the best. deep-well waters of Iowa. This 
water represents in a general way the well waters of the north- 
eastern part of the state, which are excellent drinking waters 
and which, according to the analyses, are as good as the mineral 
waters. In the one of these waters containing a weighable 
amount of lithium the amount is so small that one would have 
to drink about 75 gallons of the water to obtain a normal 
medicinal dose of lithium. 
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Comparison of certain mineral waters with a well water ai Dubuque, Iowa. 


(Parts per million.) 
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aSum of the constituents without subtracting one-half the bicarbonate radicle. 
bHaywood, J. K., op. cit., pp. 53, 52, 

eNitrate radicle (NOs), 3.5 parts per million. 

dNitrate radicle (NO,), 4.0 parts; ammonium radicle (NH,), .04 part. 
eNitrate radicle (NO, y's 2.2 parts; ammonium radicle (NH,), .185 part. 


In the third table four mineral waters are compared with the 
objectionable well water from Farmington, Iowa. All five are 
typical hard waters of the calcium sulphate type, a type which 
should be rejected as a source of municipal supply. A similar 
parallelism might be drawn between other commercial waters 
and other more strongly ‘mineralized Iowa waters, but from this 
table it may be inferred that Iowa is well supplied with mineral 
waters, according to popular acceptance of that term. The 
northeastern part of the state has an abundance of organically 
pure and lightly mineralized water which might legitimately be 
sold as high-grade table waters. 
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Comparison of heavily mineralized commercial waters with the city well water. 
Farmington, Iowa. 


(Parts per million.) 
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aSum of the constituents without subtracting one-half the bicarbonate radicle. 
bHaywood, J. K., op. cit., pp. 41, 59, 36, 37 

cNitrate radicle (NO,;), 0.44 part per million; ammonium radicle (NH,) 0.016 part. 
dNitrite radicle (NO,) 0.009 part; ammonium radicle (NH,) 0.53 part. 

eNitrate radicle (NO,) 0.21 part; ammonium radicle (NH,) 0.015 part, 

fNitrate radicle (NO,) 0.21 part; ammonium radicle (NH,) 0.01 part. 


A few Iowa waters are advertised as having curative proper- 
ties. The most noted is that from wells about 300 feet in depth 
in and near Colfax. In the lower parts of the city they are 
flowing wells and all yield the same quality of water. Several 
hotels and sanitariums owe their popularity in no small meas- 
ure to the reputation of the Colfax water, which is sold in large 
quantities. Essentially the same quality of water is found in 
several wells in the same county and in other parts of the 
state. Those in Jasper and Polk counties probably draw their 
water from the same source, the Carboniferous, and probably 
from the Pennsylvanian or the underlying Saint Louis lime- 
stone (Mississippian). At the beginning and at the end of the 
following table are analyses of two representative Colfax 
waters and between them are analyses of several waters from 
the same locality and from other parts of Iowa. All are highly 
mineralized but contain only moderate amounts of calcium in 
comparison with the large amounts of sodium and sulphates. 
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Comparison of water from Colfax, Iowa, with other hard Iowa waters. 


(Parts per million.) 
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aSum of constituents minus one-half the bicarbonate radicle. 


Water from the well of S. C. Johnston at Flagler is sold in 
considerable quantities. It is very heavily mineralized, the 
solids being nearly 9,000 parts per million, including very high 
calcium, sodium, and sulphates. It differs little from the water 
of the city well at Pella, which is used only for fire protection 
and for sprinkling the streets and is probably derived from the 
same geologic formation. Thompson Craigz’s well at Knoxville 
also, yields about the same kind of water. Water is also sold 
from the Red Mineral Spring at Eddyville. It is necommended 
as an antiseptic water for both internal and external use. Small 
samples received at this laboratory seem to justify the state- 
ment that it is antiseptic, as they contain considerable amounts 
of free sulphuric acid, probably due to the oxidation and hy- 
drolysis of ferrous sulphate. The amount of iron in the water 
is very large. From the character of the water and descrip- 
tions of the spring it may be concluded that the spring consists 
of a small flow from a layer of disintegrating shale containing 
iron pyrite. The well of Mrs. Cora A. Huber at Tama supplies 
a very heavily mineralized water, which is sold. It contains 


268 UNDERGROUND WATER RESOURCES OF IOWA 


more than 5,500 parts of solids. It is very much the same as 
the Colfax water, except that the concentration of the constitu- 
ents is nearly doubled. Water is is sold from some other wells 
and springs in the state, but so far as is known the amounts are 
comparatively insignificant. 


TYPES OF MINERAL WATERS 


SCHEME OF CLASSIFICATION. 


The radicles determined in the analytical work of this investi- 
gation have already been given (p. 159). It seems desirable to 
make some general statements concerning the variations in the 
amounts of these radicles, and to indicate a scheme of classifi- 
cation by which the waters may be arranged in groups so as to 
bring more clearly before the mind the similarities and differ- 
ences in their quality. 

The ground waters of Iowa can not be separated into dis- 
tinct classes with the representatives of one class clearly dif- 
ferentiated from those of any other, for they grade into each 
other by almost insensible differences. Much overlapping of 
groups occurs in any system of classification, and the relation- 
ships of the waters to ideal types can be indicated in only a 
general way. No attempt is made to classify all the waters of 
the state, but only to select a few good representatives of each 
class as illustrations of the system and method. 

For classification purposes the following scheme of J. K. 
Haywood and R. H. Smith, chemists of the United States De- 
partment of Agriculture,* is used. 


Carbonated or} 
bicarbonated. + Alkaline. 


Sodic. Borate Arsenic. 
Lithic. Silicated. j Bromic. Nongaseous, 
Potassic. | Sulphated ) Todic. Carbondiox- 
Thermal or Calcie Muriated. Alkaline-saline | Siliceous ated. 
non-thermal. ) yagnesic. Nitrated. ) Boric. Sulphureted. 
Ferruginous. Sulphated. wea) Lithie. Carbureted. 
Aluminic. Muriated. “Saline. _ | ¥Ferruginous, Oxygenated. 
ardryy ) | e 
Sulphated. : 
Muriated. } Acid. 


For the classification of Iowa waters, as analyzed, only a few 
of the classes in this table, which is elaborate enough to include 
almost any mineral water, are required, but it is nevertheless 


tHaywood, Ji us... Ops Cit. Dy al, 
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given entire for the sake of completeness. In the analyses no 
attempt was made to determine unusual substances that might 
occur in small amounts, such as bromine, iodine, arsenic, and 
the common gases of the air, since these substances in the quan- 
tities in which they might occur would have little or no relation 
to the primary practical objects of this study. It should be 
stated, however, that free carbon dioxide dissolved in water 
was determined. It was found present in all but two or three 
samples, in amounts rarely exceeding 25 parts per million. For 
this reason all waters with the exceptions noted have been re- 
garded as containing their carbonates in the acid form, or, in 
other words, as HCO;. Hydrogen sulphide, H.S, has often been 
noted in Iowa well waters, and it has been determined in a few 
waters. It was rarely apparent when the waters reached the 
laboratory, and since the small amount that might persist after 
shipment could give little information as to the amount present 
in the water as it came from the well, this gas was not deter- 
mined. 

In the following arrangement of examples the classification 
is governed by the prominence or preponderance of certain 
radicles. Certain constituents are common to nearly all ground 
waters within the state. All such natural waters conta some 
chlorine, some bicarbonates, rarely normal carbonates, and 
nearly all contain nominal amounts of sulphates. All contain 
at least a few parts per million of calcium and magnesium. 
Such constituents are not taken into account in the nomenclature 
unless they occur in sufficient amounts to give the waters the 
distmetive characteristics which they might impart. For ex- 
ample, water is not classified as sulphated unless it contains 
the sulphate radical in large amount; that is, 250 parts per 
million or more of SO,. In the same way a quantity of chlorine 
less than 100 parts is not regarded as sufficient to justify calling 
a water ‘‘muriated.’’ 


SODIC MURIATED ALKALINE-SALINE WATERS. 


Water in which sodium and chlorine predominate and which 
are alkaline to methyl orange belong to the class of sodic muri- 
ated alkaline-saline waters. The other common constituents 
may be present in small or moderate amounts. 
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None of the wells in Iowa so far as investigated yields strictly 
salt water or brine; salt is the largest constituent of the mineral 
matter in only a few waters. Nevertheless considerable 
amounts of chlorine, exceeding 100 parts per million, are of 
very frequent occurrence in Iowa ground waters. In several 
wells the chlorine reaches 500 parts or more; in the 1,006-foot 
well at McGregor and in the deep wells near Knoxville it reaches 
nearly 1,000 parts, and in the well at Bedford at a depth of 
1,300 feet it reached 2,546 parts. } 3 

Salt-holding waters are generally distributed throughout the 
state, but such waters are especially common in certain locali- 
ties. From the northeastern corner of the state southward 
along Mississippi river chlorine tends to increase. The deep 
wells of Allamakee county contain about 70 parts of chlorine. 
It rises to 246 parts in the 520-foot well at McGregor, in Clay- 
ton county, and to 968 parts in the 1,006-foot well at the same 
place, an amount exceeded only in the well at Bedford and the 
Craig well at Knoxville. At Dubuque the chlorine is seareely 
more than a trace, but at Clinton it rises again to about 50 
parts in the deeper wells. It increases southward from Clinton, 
being about 300 parts at Davenport and Burlington and about 
600 parts at Keokuk and Fort Madison. Chlorine is present 
in amounts ranging from 100 to 2,500 parts in all deep wells 
tested in the southern part of the state. It reaches nearly 
1,000 parts in the wells at Flagler, Pella, and Knoxville (Craig 
well), all in Marion county, and 2,546 parts at Bedford. The 
deep wells near Missouri river usually contain notable amounts 
of chlorine, but the quantities are smaller as a rule than those 
in the well waters along the eastern border of the state. 

The wells in the central part of the state north of Des Moines 
do not contain excessive amounts of chlorine and rarely more 
than 100 parts. More than 100 parts are found in the deep 
wells at Fort Dodge, Boone, Ames, and Des Moines, and all 
of these penetrate the Jordan or lower formations. 

The only essentially salt waters are those of the 1,006-foot 
well at McGregor and the Bedford well at 1,300 feet. 
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Analyses of ‘sodic muriated alkaline-saline waters in Iowa. 


(Parts per million.) 
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aSum of the constituents minus one-half the bicarbonate radicle. 
SODIC MURIATED-SULPHATED ALKALINE-SALINE WATERS. 


Waters in which sodium, chlorine, and the sulphate radicle 
predominate are not common in Iowa. As a rule waters that 
contain much sulphates also contain much calcium and mag- 
nesium. Those given in the next table, as will be neadily seen, 
contain little calcium and magnesium and are to be rated as 
soft waters. The first and second contain bicarbonates in ex- 
cess of calcium and magnesium and would commonly be said 
to contain sodium carbonate. Such waters from deep wells 
are rare in this state. 


Analyses of sodic muriated-sulphated alkaline-saline waters in Iowa. 


(Parts per million.) 
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aSum of the constituents minus one-half of the bicarbonate radicle. 
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SODIC-CALCIC MURIATED-SULPHATED ALKALINE-SALINE WATERS. 


Sodic-ealeic muriated-sulphated alkaline-saline waters are 
much more common than members of either of the preceding 
classes. This class includes many of the most highly miner- 
alized waters of the state, in which the most abundant eonstitu- 
ents are sodium, calcium, chlorine, and the sulphate radicle. 
None of those enumerated can be regarded as fit for domestic 
or any other use except street sprinkling and putting out fires. 
In classification of Iowa waters there is no need of mentioning 
magnesium, as that radicle bears a regular relation to calcium; 
the Iowa water usually contains about one-quarter to one-half 
as much magnesium ‘as calcium, and magnesium never has been 
found to exceed calcium. 


Analyses of sodic-calcic muriated-sulphated alkaline-saline waters in Iowa. 


(Parts per million.) 
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aSum of the constituents minus one-half of the bicarbonate radicle. 
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SODIC-CALCIC SULPHATED ALKALINE-SALINE WATERS. 


The waters classed as sodic-calcic sulphated alkaline-saline 
are those of the common heavily mineralized type, containing 
the normal amount of bicarbonates found in nearly all Iowa 
waters, high percentages of calcium, sodium, and sulphates, 
and only small amounts of chlorine, usually less than 100 parts 
per million. Such waters are less objectionable for industrial 
purposes than plain calcic sulphated waters containing the same 
amount of total solids. In fact they are equivalent to calcic 
sulphated waters softened with sodium carbonate to the extent 
to which sodium replaces calcium. The sodium in them, if low, 
is comparatively harmless in industrial operations, since it 
does not consume soap or cause scale; but if the amount of it 
exceeds 200 parts per million it causes foaming in boilers. 

Very many waters of Iowa belong to this class. The follow- 
ing table contains 15 good examples and they could be multi- 
plied almost indefinitely. The more heavily mineralized waters 
have been selected in order to make the quantity and relative 
preponderance of the sodium, calcium, and sulphate radicles 
clear at a glance. Representatives of this class are all the deep 
wells at Grinnell and the numerous farm wells 250 to 450 feet 
deep near that city, which apparently get most of their water 
from the layer of clay and gravel just above the limestone at 
about 200 feet. Most of the wells in Webster, Tama, Benton, 
and Polk counties belong to this class. 
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Analyses of sodic-calcic sulphated alkaline-saline waters in Iowa. 


(Parts per million.) 
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aSum of the radieles minus one-half the bicarbonate radicle. 


CALCIC SULPHATED ALKALINE-SALINE WATERS. 


The waters of this class are not numerous, fewer than 25 
having been found during this study; they contain large 
amounts of calcium and sulphates and less than 100 parts of 
either sodium or chlorides. With one or two exceptions they 
come from shallow wells, usually in the drift. They contain in 
largest proportion the substances that cause hardness, and they 
are the most difficult and expensive waters to soften. In pro- 
portion to their mineral content they produce the largest 
amount of boiler scale, of the type most, difficult to remove. 
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They are, therefore, the least desirable waters for domestic 
and economic uses in general, considered from the standpoint 
of their mineral content. only. 

The following table includes nearly all the very good ex- 
amples of this class of waters. 


Analyses af calcic sulphated alkaline-saline waters in Iowa. 


(Parts per million.) 
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aSum of the constituents minus one-half of the bicarbonate radicle. 
CALCIC CARBONATED ALKALINE WATERS. 


Nearly all the best waters of the state belong to the calcic 
carbonated alkaline class. The amount of bicarbonate does not 
vary greatly; with a few exceptions, as at Manson, it is not less 
than 200 parts and in few places does it exceed 450 parts, if 
some old analyses are discredited, because the chemist appar- 
ently has assumed the presence of enough carbonic acid to com- 
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bine with the bases. In a few waters, as at Davenport, Logan, 
and Williamsburg, there is not enough calcium and magnesium 
to combine with the bicarbonates, but in most of the waters that 
is not the condition. The amount of bicarbonates in waters of 
this class is about the same as that in more strongly mineralized 
waters; therefore, the waters high in mineral content may be 
regarded as waters of this class plus sulphates and more eal- 
cium or plus sulphates and chlorine and more calcium, mag- 
nesium, and sodium, till the most highly mineralized and most 
complex waters are formed. Waters of this class are the better 
the more nearly they approach the ideal type, in which their 
hardness is almost entirely temporary. They lose their bicar- 
bonates when boiled and to a great extent when exposed to the 
air. They do not give the hard scale formed by the calcium sul- 
phated waters. 

In the examples given total solids seldom exceed 400 parts. 
Sodium is less than 20 parts. The sulphate and chlorine rad- 
icles are low and are practically insignificant. Hxamples could 
be greatly multiplied without including waters having more 
than 50 parts of any one of these three radicles. Waters of this 
character are most numerous in the northeastern part of the 
state, to which reference has been made as the region having 
the best deep-well waters. Such waters are less numerous in 
other parts of the state, though in some places they are ob- 
tained from the sands of the drift and from river bottoms. 
Though wells supplying such waters may pentrate rock for short 
distances, it is probable that they derive their waters chiefly 
from drift gravel and sand just above the rock. 
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Analyses of calcic carbonated alkaline waters in Iowa. 


(Parts per million.) 
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aSum of the constituents minus one-half of the bicarbonate radicle. 


SODIC-CALCIC CARBONATED ALKALINE WATERS. 


The waters of the sodic-calcic carbonated alkaline class are 
not numerous, and the following table contains nearly all wnose 
analyses have been procured. Those selected have not enough 
sulphates and chlorine to combine with the sodium and po- 


tassium. 
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Analyses of sodic-caicic carbonated alkaline waters in Iowa. 


(Parts per million.) 
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CHAPTER VIII. 


UNDERGROUND WATERS OF THE NORTHEAST 
DISTRICT.’ 


INTRODUCTION 


BY W. H. NORTON. 





The northeast district of Iowa comprises the eleven counties 
of Allamakee, Bremer, Black Hawk, Buchanan, Chickasaw, Clay- 
ton, Delaware, Dubuque, Fayette, Howard, and Winneshiek. 
In no other part of Iowa are geologic structure and artesian 
conditions better known than here, and in none are artesian 
forecasts more sure and favorable. In the extreme northeastern 
part of the district the Jordan, New Richmond, and Saint Peter 
sandstones outcrop at the surface, and the Dresbach sandstone 
les near the surface in the deepest valleys. Thus the deepest 
water-bearing beds come to or near the surface, and nowhere do 
they lie so deep as to be beyond easy reach of the drill. Arte- 
sian wells can be sunk so cheaply that they can be afforded as 
public supplies by all except the smaller towns and _ villages. 
The water supply is abundant and suffices for any but the larg- 
est cities, and it ranks in quality among the finest drinking 
waters of the United States. 

The strata incline gently toward the southwest, their maxi- 
mum descent being at right angles to their strike. Thus from 
Lansing to Sumner (56 miles) the summit of the Jordan declines 
1,018 feet, or 18 feet to the mile. To the west and to the south 
across the area the decline is less. Thus from McGregor to 
Charles City (75 miles) the summit of the Jordan falls 833 
feet, or 11.1 feet to the mile; from Postville to Charles City (55 
miles) the St. Peter falls 532 feet, or 9.1 feet to the mile. (See 


iCounties in each district arranged alphabetically. 
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Pl. V.) Along the southern edge of the area from Dubuque 
to Waterloo (84 miles) the dip is more gentle, the Jordan fall- 
ing 5.8 feet per mile and the Saint Peter 5.5 feet to the mile. 
(See Pl. VI.) The descent is most rapid in the eastern part of 
the district, the Jordan dipping 10.4 feet to the mile from Du- 
buque to Manchester, and but two feet to the mile from Man- 
chester to Waterloo. A similar descent occurs from Sumner to 
Waverly. Probably both Waterloo and Waverly lie on or near 
a low upwarp which interrupts in part the normal southwest- 
erly dip. If this is the case, the upwarp either dies out toward 
the north, since at Charles City the sag of the strata is marked, 
or its axis is directed to one side of that city. From Charles 
City to Waverly the Jordan sinks but 45 feet and the Saint 
Peter rises slightly. Though the direction is here parallel 
with the strike, the slight fall is in contrast with the marked 
decline of the strata both from Osage to Charles City and from 
Waverly to Waterloo. (See Pl. VII.) 

Except in the extreme east and northeast sections, artesian 
wells should not be carried below the base of the Jordan sand- 
stene. Considerable money has been spent in useless drilling 
below the Jordan. Thus at Waverly the drill penetrated 480 
feet of the dolomites and shales of the Saint Lawrence forma- 
tion and at Sumner 460 feet. At Manchester the well was 
drilled more than 550 feet below this main water bed and, al- 
though the Dresbach was here reached, it was found dry as far 
as penetrated. The Oelwein city well seems to have been 
stopped before it reached the Jordan and might advantageously 
have been drilled deeper. 

In the valley towns of Allamakee and northern Clayton coun- 
ties the Dresbach and underlying sandstones are easily access- 
ible and will yield an abundant supply of water. In Dubuque 
county, along Mississippi river, the Dresbach and underlying 
sandstones are most valuable water-bearing beds. At Dubuque 
some of the deepest wells not only tap the Dresbach but, pass- 
ing through subjacent shaly beds, draw large quantities of 
water from a still deeper Cambrian sandstone. 

On the uplands of the eastern counties the smaller towns and 
villages may obtain sufficient water from the Saint Peter, as 
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in the wells at Postville and Monona. Although the water will 
stand low in the wells, its supply seems to be fairly ample, not- 
withstanding its escape where the formation is cut by the valley 
sides. 

Flowing wells may reasonably be expected for considerable 
distances up the valleys whose floors lie not far above the Saint 
Peter, as those of Turkey and Volga rivers. (See also p. 288.) 


The artesian resources are best developed at Mason City, 
McGregor, and Dubuque. Even in the most favorable artesian 
sections, however, the ground-water resources are compara- 
tively undeveloped. (See Pl. I, in pocket.) Two counties are 
without deep wells, and the number of the deeper sort of shal- 
low wells is comparatively small. Development must come as 
the population and towns of this region grow. The evidence 
seems to be that for a long time this region will have a prac- 
tically unlimited source of supply of good water for any prob- 
able population. Not the least of its good fortune lies in the 
fact that all ground waters seem to be about equally good from 
the point of view of mineral content. The problem of casing is 
reduced to its simplest terms, for it is only necessary to put 
down casings to solid rock to and through caving shales. There 
are no deleterious waters to case out, and as the upper waters 
are comparatively soft the matter of the rusting out of casings 
is not to be so much feared as it is in other sections of the state. 


ALLAMAKEE COUNTY 


BY W. H. NORTON. 


TOPOGRAPHY. 


Allamakee, the northeasternmost county of Iowa, lies almost 
wholly in the driftless area. The region is a deeply and intri- 
cately dissected upland, attaining an elevation of 1,300 feet 
above sea level, and rising about 700 feet above Mississippi 
river, which forms the eastern boundary of the county. The 
valleys of the streams are flat-floored and wide. The Missis- 
sippi flood plain attains a width of four miles and embraces a 
maze of sandy islands and braided bayous. The floor of the 
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valley of the meandering Upper Iowa river has a general width 
of three-quarters of a mile, widening in its lower course to.a 
mile and more. The valley of Yellow river is narrower but 
conforms to the same general type. The tributary creeks have 
well-opened mature preglacial valleys, and the courses of even 
their wet-weather affluents are graded. 

The topographic age of the region is best read in the semicir- 
cular coves carved by the ancient, stream on both sides of -the 
valley of Upper Iowa river. These deep amphitheaters are 
guarded at their entrances by lofty isolated buttes, remnants of 
the rock spurs cut by the stream as it entrenched its curving 
course. No such coves and buttes are seen along the bluffs of 
the Mississippi, though the succession of strata is equally.favor- 
able to cliff recession and planation, the vast volume of water of 
the latter stream in Pleistocene times having cut back’ any sa- 
lients of the valley sides and left a wall of rock singularly con- 
tinuous and even and sweeping in its curves. : 

The iiterstream areas consist of parallel east-west ridges or 
uplands, whose summits, where broadest, are cut by shallow 
valleys into a gently rolling topography. Their dissected flanks 
consist of lobate ridges of sinuous crest whose steep sides are 
gashed by deep ravines. ons 

The summits of the divides rise to a common HES If the 
valleys could be filled with the material that has been swept: 
away by running water they would constitute a plain whose 
origin may be ascribed to long subaerial erosion near the level 
of the sea. An additional proof of the former existence of this 
ancient peneplain, of which the summits of the divides are the 
remnants, is found in the valuable limonite and hematite de- 
posits of Iron Hill on the crest of Waukon Ridge. Such 
deposits are common on peneplains where the rocks have long 
been wasted by slow decay. 

Some evidence of a second and lower erosion plain is seen in 
the accordant level of the long lateral spurs that seperate the val-° 
leys of the creeks tributary to Upper Iowa river. The crests of 
these spurs, which are capped by the Saint Peter sandstone, fall 
into a common plane about 1,100 feet above sea level, and thus’ 
lie distinctly below the level of the upland. Measured by the- 


UNDERGROUND WATERS OF THE NORTHEAST. DISTRICT 283 


distance between the escarpments of the Galena and Platteville 
limestones of the upland, the width of the valley. floor of the 
Upper Iowa, developed 1,100 feet above sea level, was about 10 
miles.. In age the planation of this valley floor would seem to 
correspond with that of the similar peneplain of the second 
generation developed at Dubuque on the weak Maquoketa shale. 
In each place, however, another explanation may be found in 
cliff recession under weathering. In. Allamakee county the 
Galena-Platteville escarpment may be supposed to have re- 
treated because of the weak Saint Peter sandstone on which it 
rests and which caps the ridges defining the 1,100-foot level; 
and in Dubuque county the Niagaran escarpment may be held 
to have receded in a similar manner because of the undermining 
of the immediately subjacent Maquoketa shale. 
GEOLOGY. 

The rocks underlying Allamakee county dip slightly toward 
the southwest. (See Pl. V.) They are also bent in one or more 
comparatively narrow low northwest-southeast folds. As a re- 
sult of the southwestward dip the oldest rocks are exposed in 
the northeastern part of the county along the base of the bluffs 
bounding the deepest valleys, and the youngest rocks along the 
crests of the divides in the southwestern parts: of the county. 

The main valleys have been cut considerably deeper than 
their present floors and are built up with alluvium, probably 
Pleistocene in age. Thus the wells at New Albin strike rock 
only at from 130 to 140 feet from the surface, or more than 100 
feet below the present river levels. Moreover, old terraces, 
remnants of ancient flood plains, standing as high as 60 feet 
above the rivers, mark the height at which the streams of the 
region ran when they ceased agerading their rock-cut valleys 
and began the task of degradation. , 

The highest beds of the county (Ordovician) are limestones 
and shales belonging to the Galena, Decorah, and Platteville 
formations. The Galena is composed chiefly of limestones 
which may be dolomitized in whole or part. The combined 
thickness of the three formations varies within wide limits. On 
Waterloo Ridge it does not appear to exceed 100 feet; at Post- 
ville (Pl. V) it was found to be 364 feet thick in the city well; 
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at Waukon the city deep well found the base of the Platteville 
195 feet below the surface. 

Beneath the Platteville limestone is the Saint Peter sand- 
stone, white and incoherent, or locally stained and hardened by 
exposure at the surface, its grains uncemented, rounded, and 
fairly uniform in size in any stratum and locality. Its thick- 
ness is reported as about 80 feet. It contains practically no 
interstitial filling, and water seeps as freely through it as 
through a bed of incoherent sand. 

Underlying the Saint Peter sandstone is a thick body of dolo- 
mites, known as the Prairie du Chien stage, which forms the 
basal part of the Ordovician. Crowning with white castellated 
cliffs many a bold bluff along the river courses the Prairie du 
Chien stage forms the most conspicuous terrane within the 
county. Toward the summit of the stage sandy beds, known as 
the New Richmond sandstone, divide this body of dolomite into 
an upper formation called the Shakopee dolomite and a lower 
formation known as the Oneota dolomite. The Shakopee, and 
to a less extent the Oneota also, includes much silica in sandy 
layers, disseminated grains, and masses of chert. 

Transition beds of limy sandstone and sandy limestone con- 
nect the Prairie du Chien with the underlying Jordan sand- 
stone (Cambrian), whose thickness is nearly 150 feet. The Jor- 
dan is composed of well-rounded grains of pure quartz sand and 
in most places is soft and friable. Some layers, however, are 
well cemented. Where exposed to the weather the Jordan is 
gray or yellow, although its normal color, as seen in well drill- 
ings, is white. 

The Jordan sandstone resembles the Saint Peter in composi- 
tion, but because of its greater depth beneath the surface it is 
less thoroughly drained; because of its greater and more uni- 
form thickness its supply is more abundant. 

The Jordan sandstone rests on a formation composed of 
sandy dolomites, limy sandstones, and sandy and limy shales— 
the Saint Lawrence. These rocks are exposed in the cliffs bor- 
dering the Mississippi and its tributaries and are so argillace- 
ous that they are generally dry. They form an impervious 
floor for the waters of the Jordan, and, where they lie deepest, 
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prevent the rise and escape, under hydrostatic pressure, of the 
waters of the underlying Dresbach and earlier Cambrian sand- 
stones. 

The relations of the Saint Lawrence and the underlying Cam- 
brian terranes are not clearly made out from the evidence at 
hand. In the cliffs at Lansing the Saint Lawrence, as described 
by Calvin,’ outcrops 96 feet above the level of the Mississippi 
river with a thickness of 44 feet. Beneath it lie gray, yellow, 
and brown friable sandstones measuring 56 feet, containing 
greenish layers and near the top argillaceous beds. The under- 
lying strata to the river level, a distance of 40 feet, are con- 
cealed from view. The deep well at Lansing continues the sec- 
tion, beginning at. 640 feet above sea level, 18 feet above mean 
water level in the river. Unfortunately the only data obtain- 
able from the well are a tube of drillings which give the suc- 
cession and the lithologic characteristics of the beds, but noth- 
ing as a basis of inference as to the thickness of the strata ex- 
cept the relative space which they occupy in the tube. LEsti- 
mating the thickness of the terranes in this way we have the 
following succession of beds pierced by the drill: 


Record of deep well at Lansing. 
: Thickness 


Feet. 
DUPED COMCIN Vea ee tec sre. cc cists lek seleciaiois cob eareectecte ss ees 37 
LAAT ie EE Si ede 7 Ape OR teen a a * 70 
SURE DEC ELTUCE SLOT Ciel «fede naccicia) evel seaevetaeile alate fie sinter cusidecepchelars’ erd.eve 125 
Shales with a thin intercalated bed of sandstone........... 135 
Sandstone resting on hard crystalline rock ...............- 381 


Near New Albin, which is located about 10 miles north of 
Lansing, Calvin observed at the base of the bluffs a blue cal- 
careous shale. From the New Albin wells we have a single log 
uncorroborated by drillings. The well section here begins at: 
650 feet above sea level, 10 feet above the top of the Lansing 
boring, and is as follows: 

Record of deep well at New Albin. 


Thickness 
Feet. 
Sand and gravel (alluvium of Mississippi)................ 130 
BORD SLOG merers spree a co iais ledaleyc inde cheetega « oiblate oe pateis suePiieelsiclale 'eseye 150 
ROTI CLOUT ae treet ema cctafeete ot ualel c eicketIntcieya iedie,eib oxehe ele ets elnis 190 


1Ann. Rept. Iowa Geol. Survey, vol. 4, pp. 57-59. 
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New Albin and Lansing are nearly aligned with the strike of 
the strata. At New Albin the base of the Oneota dolomite is 
placed by Calvin at 320 feet above the tracks of the Chicago, 
Milwaukee & St. Paul railway (966 feet above sea level) and at 
Lansing at 300 feet above the river (918 feet above sea ‘level), 
giving a southward dip of about five feet to the mile. Correlat- 
ing the two sections it would seem possible that the shale at the 
base of the bluffs at New Albin is the same as the first shale 
in the Lansing well. The first sandstone of the Lansing well 
is then cut out by the ancient channel of the Mississippi at New 
Albin, and the first shale (soapstone) of the New Albin log is 
identical with the second shale at Lansing, with which it also 
agrees in color and estimated thickness. The base of this shale 
at New Albin is about 100 feet higher than at Lansing, accord< 
ing to the estimates. The known southward dip of the strata 
accounts for half of this amount and the remainder is perhaps 
included in the margin of error in estimates of the thickness of 
the beds resting on the exceedingly precarious foundations al- 
ready mentioned. 

The thickness of 44 feet assigned by Calvin to the Saint Law- 
rence at Lansing is far less than that of the dolomites and 
shales intervening between the Jordan sandstone and the first 
sandstone beneath it, as shown in deep-well sections. Even if all 
of the 40 feet of concealed strata above the Saint Lawrence in 
the Lansing bluffs belong to that terrane, it still compasses not 
more than one-third of the thickness common in deep-well sec- 
tions. . 

On the whole it seems very possible that the equivalent of the 
Saint Lawrence of the deep-well sections includes at Lansing 
all the strata between the St. Lawrence of Calvin and the level 
of the river and also the first shale disclosed in the deep wells. 
Its total thickness might then reach 230 feet, but this would 
not be more than that of the formation at Manchester and Ana- 
mosa, and but 30 feet more than that given in an imperfect 
record at Dubuque. The shale at the foot of the bluffs at New, 
Albin would then be assigned to the same terrane. 

Under this interpretation of the Saint Lawrence the white 
sandstone first to be found in the Lansing well is the probable 
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equivalent of the Dresbach sandstone of Minnesota, and the 
underlying shale and sandstone are undifferentiated Cambrian. 
On the other hand, if Calvin’s limitation of the Saint Lawrence 
be correct, the Dresbach outcrops beneath it from Lansing to 
New Albin. 


UNDERGROUND WATER. 
SOURCE. 


On account of the intimate dissection of the upland, the 
water-bearing rocks are cut by valleys and ravines and their 
waters find easy terminal escape. Ground water stands low, 
wells are deep, and the windmill is a conspicuous feature of the 
farms. 
~The Galena dolomite and Platteville limestone have for long 
ages been subject to the solvent action of ground water. Nu- 
merous sink holes pit the surface and lead to well-defined sub- 
terranean waterways, which have been opened by solution 
along joint and bedding planes. Unfortunately, neither the 
depth nor the position of these watercourses can be predicted. 
The beds of impervious shale in the Platteville arrest the down- 
ward progress of the water, which issues as springs where the 
valley sides intersect the surface of the shale and which forms 
the chief supply of wells sunk to it. 

Wherever the drill goes deep enough to strike the Saint 
Peter sandstone water is found, except at or near the edges of - 
the bluffs where the formation outcrops. The head of the water 
is low owing to its easy terminal escape, but the supply is plen- 
tiful. 

The Prairie du Chien stage, with its creviced dolomites and 
included sandy beds, forms a capacious reservoir for under- 
- ground water and greatly augments the supply of most wells 
penetrating it. 

The Jordan sandstone contains abundant water, which is 
prevented from escape by the impervious floor formed by the 
Saint Lawrence formation. . 

The Cambrian sandstones underlying the Saint Lawrence 
formation hold vast quantities of ground water. The Dres- 
bach (thus designating the first sandstone of the Lansing well) 
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holds water of the same quality and head as that of the sand- 
stone beneath it, but of less copious flow. The lower sandstone, 
from which the Dresbach is parted by heavy shales, supplies 
the New Albin wells. 


UNDERGROUND-WATER PROVINCES. 


Mississippi Valley—The Mississippi valley may be consid- 
ered a special underground-water province. The unusual width 
of the: flood plain and the materials of which it is composed 
have already been mentioned. The area is used chiefly for 
pasture and the few wells needed find water within a score of 
feet from the surface. 

Upper Iowa Valley—The Upper Iowa valley is a wide and 
fertile lowland, well watered by springs issuing from the hill- 
sides. Nevertheless, flowing water is obtainable so easily and 
in such large quantity that within the last decade several ar- 
tesian wells have been sunk through varying depths of alluvium 
to the underlying Cambrian sandstones. At New Albin, at the 
mouth of the valley, the alluvial filling is reported to be 134 
feet thick, and eight miles up the valley it is still 100 feet thick. 
Wells near the bluffs find rock at less depth. The rock first 
struck is blue or green, dry, shaly or dolomite sandstone. Its 
thickness ranges from 110 to 190 feet. Beneath this blue or 
greenish rock lies what is described asi a white ‘‘sand rock’’ in 
whose more porous layers abundant water is found under strong 
artesian pressure. The depth to which this sandstone has been 
penetrated ranges from 30 to nearly 300 feet. The head of 
water in wells 5 to 10 miles up the valley is about 690 feet 
above sea level, the water rising about 10 feet above the curb. 
Still farther up the valley, in Union City township, the water 
in a well owned by J. H. Beardmore heads 15 feet above the 
eurb, discharging from a 534-inch casing at a rate of 100 gal- 
lons per minute. These wells are all cased to solid rock, a dis- 
tance commonly of more than 100 feet. The abundance of pure 
water obtained and the saving of labor and cost of pumping 
make these wells comparatively inexpensive, wells of 300 feet 
deep having been sunk at a cost, including casing, of $225. “A 
list of these wells is appended. 


a 
x 
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Flowing wells in the Upper Iowa (Oneota) Valley, Allamakee County. 
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and Paint creeks, and of Yellow river are narrower than the 
valley floor of the Upper Iowa, and the bordering terraces are 
relatively wider. These high remnants of ancient flood plains 
are naturally rather dry, asi ground water readily escapes along 
their scarps. The streams are spring fed and permanent, and 
the springs issuing along the valley sides greatly lessen the 
need for wells. In Clear creek and Village creek valleys ar- 
tesian wells furnish water for mills. Wells sunk in the wider 


bottom lands of Yellow river will probably obtain flowing water. 
19 
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From .Myron to Ion the stream flows successively over the 
Platteville limestone, the Saint Peter sandstone, and the dolo- - 
mites and sandstone of the Prairie du Chien stage, and wells 
reaching the Jordan sandstone should yield a generous flow. 
At present dug and driven shallow wells furnish the chief 
supply. 

Uplands.—On the uplands, as on all maturely dissected areas 
of high relief, permanent and abundant ground water lies at a 
considerable depth below the surface. On the high ridge north 
of Upper Iowa river, back of New Albin, farm wells commonly. 
exceed 300 feet in depth. Below the surface yellow loam (loess) 
and the underlying reddish residual clays, wells enter a lime- 
stone of the Prairie du Chien stage, pass thence into a water- 
bearing sandstone (the Jordan) and traversing a ‘‘blue rock 
shale’’ (the Saint Lawrence) find abundant water in the Dres- 
bach sandstone. As the Jordan outcrops along the river bluffs 
its waters easily escape and have low head, but the water of the 
Dresbach is under sufficient head to bring it in some wells within 
285 feet of the surface. The following log of a well on this 
ridge, belonging to Henry Rink (NW. see. 26, T. 100 N., R.. 
0 W.), is probably representative: 


Section of Rink well, Allamakee county. 








Thickness Depth 














Feet Feet 
Surface: deposits’ sus. oe ee is ee ee ee eee 40 40 
Limestone; (Prairie du’ Qhien) 22625 ee pee eee nee eee eee 135 175 
Sarcdstone (lordan): 1.2 2k ee Se ee ee 100 275 
Shale;..olue-(Saint. Lawrence) o22 so ee ee en ee ee 200 475 
Sandstone’ (Dresbach) iccb2e2 A ee ee ee eee 35 } 510 








Water is found chiefly in the Dresbach; it commonly stands 
225 feet below the surface. 

On Waterloo Ridge in the extreme northwestern part of the 
county accurate surface measurements by Calvin give the fol- 
lowing thicknesses to the formations there present: 


Thickness of formations on Waterloo Ridge. 


feet. 
Galena dolomite, Decorah shale, and Platteville limestone...... 100 
Saint ‘Peter sandstone.) 24 ech eee we letoe tata sities Se cre teite eerie ae 6 80 
Prairie. dun Chien: stage %..\.2 teee wee teren ot Sie Seta hehe ce cares 250 


Jordan sandstone to level of mouth of Bear creek ........ Bees -100 
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Water may be found in the Galena dolomite and in the 
Platteville limestone, especially above the basal shales of the 
Platteville if the drill strikes a water-bearing crevice, and in 
the Saint. Peter and Jordan sandstones. © ca 

On Gruber Ridge and May Prairie and on the summits of 
the lobate ridges whose crests are formed of the Saint Peter 
sandstone, much the same conditions prevail.as north of Upper 
Iowa river. Loess and residual clay may reach 40 feet in thick- 
ness; the Prairie du Chien stage is reported in some wells as 
160 feet, and the Jordan sandstone as 100 feet, underlain by 
“‘blue rock’? (Saint Lawrence formation). . 

On, the wide uplands about Waukon and Postville the Galena 
dolomite and the Platteville limestone yield water to farm wells 
75 to 125 feet deep. House wells at Waukon are commonly sunk 
about 80 feet and end in the Platteville. At Postville some 
wells obtain water in glacial gravels underlying blue-black till 
at a depth of 85 feet; others obtain water in the Galena dolo- 
mite or the Platteville limestone within 150 feet of the surface. 
For larger supplies than ordinary, and where the drill fails to 
find a water channel in the limestone, wells on these uplands 
must go to the Saint Peter or, in some localities, to the Jordan. 
The depth of these sandstones varies with the southward and 
westward dip of the strata The Saint Peter, for example, out- 
erops at Radcliffe, one mile north of Waukon, at 1,122 feet 
above sea level; eight miles south of Waukon it has descended 
to the valley floor of Yellow river, 872 feet above sea. level. 

The well, 600 feet deep, of the county farm near Waukon, 

on high ground, found some water in the Galena dolomite or 
the Platteville limestone, the water rising to 57 feet below the 
surface: In the sandstones, which, according to the drillers, 
were struck at 400 and 500 feet, the water fell, that from the 
lower sandstone standing 240 feet below the curb. 
_ An exceptionally reliable log of a well northeast of Postville, 
in the NW. 44 NW. \ see. 21, T. 96 N., R. 5 W., is no doubt 
typical of the deeper wells of the southwestern townships. The 
‘curb is not far from 1,100 feet above sea level. 
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Log of well northeast of Postville. 























Thickness Depth 

Feet Feet 
Olay 22-330 ee eee ee ee ee 24 24 
Dolomite<(Galena) eee a ee eee 50 74 
Limestone!(Gatens) £20 ee ee eee ee eee eee 150 224 
Shale (Piatevilie) oS Se ee eae 66 290 
Sandstone (Salut ;Peter) © on cecc wesc enataeacinn no kene eee oe anes eee eee 81 321 





A strong vein of water was found in the Saint Peter at 318 
feet, but it rose only eight feet in the well. 


SPRINGS. 


No area of equal size in the state is so bountifully supplied 


with springs as in Allamakee county, the principal source be- 


ing at the contact of the Decorah shale with the overlying 
Galena limestone. Where the Galena forms the bedrock of the 
uplands, the ravines on the south side of the ridges are dry 
only down to where they cut this heavy shale. Here copious 
springs gush out from the rock and here begin countless rivu- 
lets which flow down the hillsides to feed the creeks and rivers. 
Where the roads follow the ravines farmhouses are commonly 
located along the Galena-Decorah contact in close proximity 
to springs, which afford, without cost, pure water for all house- 
hold uses. Spring houses are built over them for dairy pur- 
poses, and the water, flowing in a brook several feet wide 
through the barnyard, conveniently supplies the needs of the 
stock. Where the farmhouse is at a lower level than the spring, 
water can be piped through the house under pressure and used 
for all domestic purposes, including refrigeration. It may also 
be sufficient in quantity and head to furnish water power to 
drive a separator, churn, or other light machinery. Many 
springs emerge at the base of ledges of Galena that outcrop 
high up on the sides of narrow and deep ravines. Picturesque 
as are these cascading springs, they are generally too remote 
from farmsteads for utilization. The August temperature of 
several springs from the Galena-Decorah contact ranges from 
46° to 47° F. 

The Livinggood spring, the largest in the county, flows from 
the Galena-Decorah contact near Myron (NW. %4 SW. \& see. 
3, T. 96 N., R. 6 W.), emerging where the floor of the valley of 


- 
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Yellow river crosses the summit of the Decorah shale. On the 
left bank a group of springs at the base of a semicircular alcove, 
with vertical walls of rock cut in the side of the bluff, unite to 
form a swift-running stream a foot deep and a rod wide. Up 
valley from this spring Yellow river carries but little water ex- 
cept from the run-off at times of rain, since its channel lies 
above the chief spring horizons. In August, 1906, the water 
running in the river bed up the valley from the spring was but 
a very small fraction of the amount contributed by the spring. 
The summer temperature of the spring at its outflow is about 
48° F. 

This spring is known in the vicinity as the Rise of Yellow 
river from the popular belief that up the valley the water of 
the river sinks from sight and here rises again to the light of 
day. It is possible that some water of the river may be lost in 
the opened joints of the limestone over which it flows in its 
upper course, and any water leaking from the river bed would 
no doubt form an underflow upon the surface of the next sub- 
jacent shale, though not necessarily in a course immediately be- 
neath the river channel or, indeed, beneath the river valley. 
But the larger part, if not the entire amount of the discharge 
of the spring, is in all probability drawn from the underground 
water of the upland to the north, which here finds issue where 
the main horizon of its seepage is first intersected by the valley 
of the river. 

Springs occur also near the base of the Saint Peter sand- 
stone, but these are neither so numerous nor so large as those 
from the summit of the Decorah shale. The Saint Peter lies 
upon a creviced limestone, through which its waters can seep to 
lower drainage levels. Moreover, the massiveness of the sand- 
stone, its lack of crevices, and the absence of solution channels 
in this insoluble rock, make against the concentration of water 
in definite underground courses issuing in strong springs. 

The outcrops of the Prairie du Chien in the northern part of 
the county are marked by large springs which issue near the 
plane of contact with the Jordan sandstone, as near Quandahl 
and Dorchester. 
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The sandstones underlying the Prairie du Chien supply a 
large number of powerful springs where they are transected by 


the valleys. They include along with their permeable water. 
beds other layers intermixed with clay and-lime, which are far’ 


less porous and which serve to hold ground water upon their, 


surfaces and prevent its leakage either downward under graye 


ity or upward under hydrostatic pressure: 


In the valleys of the Upper Jowa river and of Mill net Vil. 


lage creeks and in the valleys of their tributaries springs from. 


these sandstones are very numerous. The temperatures meas- 


o 


ured range from 45° to 49° F., the higher temperatures prohably’. 


indicating the influence of the summer sun and air on the sur- 


face rock waste through which some springs find issue, and on, 


the water of the pool of the spring. 


The list of strong springs is too long for publication, but 


mention may be made of those at the mouth of Paint creek, at: 


Waukon Junction, which discharge near the level of Mississippi 
river from the waste-cloaked foot of the bluff on the north side 
of the valley, along a line of about 100 feet. Typical springs 
also are the M. Gordon springs, three miles southwest of New 
Albin, in the Upper Iowa river valley; the Jacob Knupf spring, 


in sec. 24, T. 100 N., R. 6 W.; the Dorchester creamery spring, 


which supplies the creamery and five buildings of the village; 
the L. C. and C. C. Megordon springs, near Elon;-and the Peter 
Lang spring, on Village creek, in the NE. 14 sec. 7, T. 98 N., RB. 
3 W., which flows a swift stream with a cross section of 214 
square feet. 
fas CITY AND VILLAGE SUPPLIES. 


« Lansing.—T wo six-inch artesian wells, 675 and 748 feet deep, 


respectively, were drilled by Swan Bros. in 1877 for the eity of 


Lansing (population, 1,542). The curbs are 640 and 660 feet 


above sea level. The water originally rose to 690 feet above sea 
level, and for 20 years and more the pressure continued suf- 


ficient. to render pumping unnecessary for the delivery of water 


to the'taps. Since 1897 pumps have been installed and a gravity : 


system from a reservoir is used to supply the upper portions 


of the town. The head has lowered to 35 feet, and the discharge, 


estimated at first at 700 gallons a minute, has fallen to 300 gal- 
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lons. The temperature of the water is 50° F. The quality of 
this water is indicated by the analysis on page 168. The water 
is distributed under gravity pressure of 95 pounds through 
three miles of mains to 17 hydrants and 150 taps. 

The following record of strata in the 748-foot well is based 
on drillings taken from a tube. As the original record was lost, 
it was assumed that the length of the tube and the thickness of 
the respective drillings were proportioned to the depth of the 
well and the thickness of the beds. 


Record of strata in Lansing city well. (a) 














Thick- 
ness (esti-| Depth 
mated) 
: Feet Feet 
RPV CT We EB ANNO IER tre cae ean ee ee eT SS ee ees 87 37 
Shale, chocolate colored, slightly calcareous; some coarse Pleistocene sand ; 
raWEL dich ok ses Le 2 ee ee ee ees a eee oe 85 72 
Shale, greenish yellow, calcareous, arenaceous, with minute apgular grains 
OE SPP Ye) abe opes 2 Se Se a hoe are ee Ca ee Se Se ee 35 107 
Sandstone, white, yellow and buff; grains differing widely in size__._._--__ 125 232 
mise, Lent purplish and drab; arenaceous —-.1.2.---- 22 -U-.--2-o. --. 15 247 
rl OGIO RIC MTS Wiese oe oss ee mwa on rng Soon ane inne aseeneen 5 252 
Shale, arenaceous, or sandstone, argillaceous; blue-drab, slightly calcareous 70 822 
Shale, rea, arenaceous, with thin stratum of intercalated drab shale________ 45 367 
Sandstone, light yellow; grains moderately fine, subangular, and rounded_- 381 748 
“Hard crystalline rock.” b 








a@ See discussion on pp. 285-287. 06 Driller’s report. 


The Doehler & Schafer well (depth, 630 feet; diameter, 55, 
inches) heads 35 feet above the curb. The water flows into a 
mill race, where it joins water from a creek and not only in- 
creases the water power but also prevents the water in the race 
from freezing even in the coldest weather. 

The A. C. Doehler well, on Village creek (depth, 750 feet), 
was formerly used to furnish power for a woolen mill, but has 
long flowed into the creek unutilized. 

New Albin.—The village of New Albin (population, 588) has 
no waterworks, but a supply for stores, hotels, and private 
houses, and fire protection to the business portion of the vil- 
lage is furnished by eight artesian wells, ranging in depth from 
470 to 550 feet. The water is reported to rise 30 feet above the 
eurb, or 682 feet above sea level. These wells end in the undif- 
ferentiated Cambrian beneath the Dresbach and draw thence 
their large supply of excellent water. 
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The A. F’. Kuhn well (depth, 500 feet; diameter, 6 inches) is 
cased to 130 feet. Its curb is 650 feet above sea level and its 
head, by pressure, 41 feet above curb. Water is drawn from 
beds at 315 and 470 feet. It was completed in 1900 by Frank 
Easton, of New Albin. 


Log of Kuhn well, New Albin. 
(Supplied by driller.) 























Thickness Depth 

Fee Feet 
Loose sand and gravel (in ancient channel of Mississippi).-----_---.__- 130 130 
Soapstone; \ blue: 5. 25. eae eee eee ee ee 150 0 
Sand rock, pink es ee ne es eee ee eee se ee 190 470 








The New Albin Co-operative Creamery Company’s well 
(depth, 470 feet; diameter, four inches) is cased to 134 feet. 
Its curb is 650 feet above sea level, and its head, by pressure, 
is 39 feet above curb. ‘ Water from beds at 315 and 470 feet 
flows about 100 gallons per. minute. It was completed in 1905 
by Frank Easton at a cost of $300. 

The Arikson & Winnetka well has a depth of 500 feet and a 
diameter of six inches to 135 feet and four inches thence to 
bottom. Its curb is 650 feet above sea level and its head, by 
measurement, 29 feet above curb. Its temperature is 51° F. 
It was completed in 1902 by Frank Easton. 

Other wells of approximately the same depth and of essen- 
tially the same characteristics have been drilled at New Albin 
for J. B. Pohlman, H. Martin, F. C. Meyer, Henry Reiser, W. 
O. Bock, and H. C. Boyer. There are also a number of flowing 
wells from the same water bed in the Upper Iowa valley west 
of New Albin. (See pp. 288, 289.) 


Postville-——The deep well from which the supply of Post- 
ville (population, 952) is drawn was drilled by Dickison Broth- 
ers in 1895. It is 834 inches in diameter and 515 feet deep 
and ends in the Saint Peter sandstone. (See Pl. V.) The ele- 
vation of the curb is 1,191 feet above sea level; the water heads 
250 feet to 300 feet below the curb. Water was found at a 
depth of 130 feet and stood at this level until the drill reached 
the depth of 435 feet, at which depth a second vein of water 
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was found. The pumping capacity is 32 gallons per minute. 
The temperature of the water is 48° F. 


Strata penetrated in drilling this well are shown in the fol- 
lowing table: 


Record of strata in city well at Postville. 














Thick- 
| ness | Depth 
Feet | Feet 
ety (72 feet thick; top, 1,191 feet above sea level): : ¢ 
hea ditty <2 op hice ee & EIR Se eE Eee ee eae eee ee Cee ee 16 18 
Leh, TUGHYOS (oo. Es TS eae ee ee 6 % 
Clay, yellow, sandy and pebbly, noncalcareous__._----..---.----__--.--- 4 23 
MENG. yellow, Sharp, abd rather coarse...-.___..--.._..-2 21-2. 4 32 
Clay, dark drab, sandy and pebbly, calcareous_-----.---.__-------_-__._ 40 72 
Ordovician: 
Galena dolomite to Platteville limestone (3644 feet thick; top, 1,119 
feet above sea level)— 
Limestone; some buff and magnesian, some lighter color and of 
Papiaacrcerveseonces, Cherty. 22.02 ee Se eS 13 85 
Mea Merce ECHICOTCOUR 80 1b-5--. ee a 12 97 
Limestone, blue, earthy, magnesian; 11 samples__...-.-.-.---__.-__ 106 203 
MN mIneMEORIGE EEA 2 CRICATCOUS S66 e 2 ooo 5 a ogame een 9 212 
Limestone, light yellow and white; hard, by driller’s record; earthy 

to crystalline; nonmagnesian, as judged by rapidity of efferves- 

(Soe! oc gach Let Ee ee ee Spee Soars ce ere ek re oe eee 188 350 
Limestone as above, but a little softer; 5 samples___-.-._----_.-_--_. 35 385 
Limestone, greenish gray, argillaceous ~..-....--.--.-----.-~-..-----_. 10 395 
Limestone, light yellow-gray, crystalline to earthy; 4 samples___-_- 412 4364 

Saint Peter sandstone (784 feet thick; top 7544 feet above sea level)— 
Sandstone; usual Saint Peter type; grains rounded and smoothed, 

of limpid quartz, mostly unbroken; with much limestone yellow 

and gray, rapidly effervescing; in angular sand; no trace of em- 

bedded grains in limestone fragments --.-.........-.-.--.---_------. 113 
Sandstone as above, but with less limestone_.--.--.--.---------_---. 2 450 
Limestone, blue-gray, argillaceous, in part macrocrystalline; in 

flaky chips, largely composed of comminuted fossils; 2 samples & 458 
Limestone and shale, gray, earthy; in chips_---__-----.-_-----_-_-__ bs) 463 
Limestone, light blue- -gray, mottled; in flaky chips, compact, crys- 

POUIICRLOREALEING Seon cs ee ee ae aoe 7 470 
Limestone, yellow-gray, mottled, macrocrystalline to earthy, fossil- 

IOLOUN MEU TUR ces (SHIN DICSS 2 en a aoa tone nacnacesonecaneoe 17 487 
Limestone, light gray, compact, fine-grained; 4 samples___-.-.---___- 15 502 
Sandstone, calciferous; soluble ingredients form about one-half by 

weight of drillings; some grains of sand embedded in the minute 

angular chips of limestone; other fragments show limestone matrix 

to be large. Limestone yellow-gray and of rapid effervescence; 

loose in the drillings, and also embedded are many black opaque 

grains; ferruginous nodules of calcareous clay; and grainlike 

MOCUICRBOLe DYLI0G, a Ne BIN DIGS 5k eh ne be bens ace ene eee 13 515 





From the starting of the drill, the samples were carefully 
saved at such short intervals that they afford an exceptional 
geologic section. If the sandstones at 43614 feet and at 
502 feet be set aside, the remaining rocks of the section, in tex- 
ture and chemical composition, are typically middle Ordovician 
limestones and shales (Galena and Platteville). Both of the 
sandstones just designated are regarded by Calvin as Saint 
Peter, and he has suggested that the fifty-two feet intervening 
between them represent an ancient cavern in the Saint Peter, 
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now filled with shale and limestone broken down and washed 
in from the overlying Galena and Platteville.’ | 
Water is pumped to an elevated tank and distributed under 
a gravity pressure of 42 pounds to 22 hydrants and 150 taps. 
The consumption is 20,000 gallons daily. 

Postville Junction.—The Chicago, Rock Island & Pacifie Rail- 
way Company has a track well at Postville Junction whose 
depth is 361 feet, and diameter eight inches. Its curb is 1,033 
feet above sea level. According to the driller’s log, the well. 
passes through drift and Galena dolomite, Decorah shale and 
Platteville limestone from the surface to 340 feet and the Saint 
Peter sandstone from 340 feet to 361 feet. 

Waukon.—Two artesian wells thirty feet apart, drilled by 
Palmer and Sanbo in 1896 and 1897, supply the city of Waukon 
(population, 2,025). They are 8! inches in diameter and 577 
feet deep. The eurb is 1,279 feet above sea level, and the water 
rises to 280 feet below the curb. The depth of the wells indi- 
cates that they end in the Jordan sandstone. No diminution in 
yield has been observed in either well, nor has either been 
overdrawn by pumping. From the last drilled well alone the 
pump lifts, if necessary, 3,000 gallons an hour. The average 
consumption is 21,600 gallons a day, the maximum summer 
consumption reaching 28,800 gallons. Water is pumped to a 
standpipe 102 feet high and is delivered under gravity pres- 
sure through 614 miles of mains to 65 fire Dyeran and 230 
taps. 

A well drilled by the Missiouri on Company about three 
iniles north of Waukon reaches a depth of 396 feet, with a 
diameter of ten inches. Water rises to within 137 feet of the 
surface. The. temperature is 52° F The cost of drilling was 
$3.50 per foot. Casing extends to 250 feet. The drillers were 
Walch & Bahr of La Crescent, Minnesota. 

The log of the drillers is as follows: 





1Am. Geologist, vol. 17, 1896, pp. 195-208. 
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Drillers’ log of the well of Missouri Iron Company, near Waukon. 























Thickness Depth 

Feet Feet 
OR ee et ns ae es ie SS Spe eR Soak ma ee 23 23 
Sandstone (Saint Peter) 27 50 
Limestone Shakopee) vi 126 
PRTIOR CONG HUNG WetiGDINONU) 9.05 et oa oe oie een een ee Stee etna 15 141 
eae RCO GE CONGO te ier Bete a ce ee nae pee eke ote da on cemen 85 176 
SU TERY |, ee A oe SR ee Se RS See seen te ee 10 186 
OETA AST CEM TEU FM V0 9 ee eres See oe a eee eee eee Eee 161 347 
MICS OLE ONO ee cart a nat a asa ae te ae ate a eee eee tas daa , 49 396 





Village supplies—The following table gives data of village 
supplies in Allamakee county: 


Village supplies in Allamakee county. 


























Head 
Above 
Village Nature of Supply Depth Ree aaiiney and 
Below 
| Curb 
: Feet Feet Feet 
Harpers Ferry----| Driven wells and springs, both large and small} 45-55 50 — 40 
— 12 
Dorchester —-.----- Springs; open, driven, and drilled wells_-_---_- 1270) eee oes to 
— 16 
| — 40 
SM AUG (act usuwse eco Ly TEES Cie SDE OE aE See Ace ee ae em eee 0-200) jocse sana cas ! to 
—150 
RA Poy « (eee one ae i BD | Sisters, springs, and wells_2. 22 -3--=.. =. 100-325 300 —285 
. Church, ==----2---_- SPCR TIS VANG sy Weise eS oo ee ena OOOO ieee eo * ere eee eee 





The following table gives data of typical wells in Allamakee 
county : pee 
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Typical wells of Allamakee county. 


















































| | ba 
| | a4 g 
| 3 
| belek ae 2 
Owner | Locality © o | om» | Sourceof| 5 | Remarks (log given 
a pier LSet at iver) Supply | 5 in feet) 
’ | ~ g r= Sa ko} = 
B oe + aslcacd “oo 
— o on oo 
aT A. Pe tS es| 
Feet | Inches | Feet | Feet Feet 
Hi ooo pers---.. 6 miles north=|; ~340°|5.22.<_ 3 400 tee nectcencwonn |onewelOlay, SO0cceHirme memeyens 
east of | 160; sand rock, 100; 
Lansing. | lime rock, Flue, 40. 
| { Clay, 30; blue “scale 
| | rock,” 370; sand 
County Farm_--|Near Waukon} 600 |-------- 80 |§ 400 ) rock, yellow, water 
| BOO Nese ee oe 240 bearing, 30; blue 
lime rock, 70; sand 
rock with water, 
| 100; black clay. 
F. M. Ivorson--/5 miles south-| 30 Tas eh 15 |River sand-_|_----- River bottom; driven 
west of Dor- | | | well. 
chester. 

I. M. Ivorson--/6 miles south-| 30 ib ane ee | 10 River sand_| 20 |River bottom; driven 

west of Dor-' well. 
chestcr. [ 

Erick Gavle-----|4 miles north- 90 | 6315820 60 |Rock —-..__- 30 |Valley; about 20 feet 

east of | above river. 
ks Sattre. | 
M. O. Nelson_---/7 miles east of| 407 | 6 20 | 390 Sandstone a| 388 |Hill; 400 feet above 
Locust. | | river. 

ever lesOn_ 2. 63 miles east | ; 

a) of Locust__| 250 6 | 8 220 (Can be pumped dry. 

William Nelson--/63 miles south-| 245 | 6 | 9| 40 |Limestone_ | 2i0 |Hill; 250 feet above 

east of Lo-| | | river. 
cust. | | 
Hans Quanrude-|/6 miles east of| 365 | 6 | 10} 350 [Sandstone- | 335 \Hill; 375 feet above 
: Locust. | river. 
Henry Rink ----/NW. 4 sec. 26,| 519 |-------- 40 Taine eee eee 285 |Clay, 40; limestone, 
T'.) 100 N.,/ Ri} 135; sandstone, 100; 
5 We, "on | blue shale, 200; 
Wheatl an d/ sandstone, 35. An- 
Ridge. other water vein at 
: | 260 feet. 
D. O’Mally------ 8 miles south! 310 !_____-_- 16. oa es 160 |Clay, 15; limestone, 
ms ‘| of Dorchester 170; sandstone, 125. 
Henry King-----. 6 miles south-| 542 |___-___- 5 dh) S80: |sese eee 217 Top of ridge, about 
east of New 1 mile from edge of 
Albin. bluffs. Olay, ete., 
75; limestone, 225; 
sandstone, 80; blue 
rock shale, 200; 
peo water 
: bearing, fe 
M. F. Collins_- |34 miles north| 242 Ga 18 tees ee ere 300 |Ridge. 
of Harpers 
Ferry. 

Chicago, Milwau-Postville ______ SE | ee ee | eee Gravel: 2.0 | oe Water bed gravel; 
kee & St. Paul penetrated blue- 
Ry. black till. 

Oreamery ----|}Postvilie  ~.._| 150 |_------- O5y sce ee 115 

Clay, 40; dolomite, 
55; limestone, 120: 
, NW.3 Sw. ‘| 190|Platteville shale, 28;° Saint 
Dickson Bros. --}{ sev. 21, 1'. 96)} 244 64; 40/4 and} and Saint/} 169 Peter sandstone, 1. 
LN., R. 5 W.IJ | 242] Peter. Platteville vein, 
weak. Tempera- 

ture, 48 deg. F. 

rat 20; shell rock, 
NE. 34 SE. 3 f 260 dolomite, 50: 
John Laud_----- 86; 2:1. S6))976 sae eee and i}iises see 244 iientoae 150: 
N., R.5 W. l 2738 shale, 45; Saint 
: Peter,, i: Chief 





aAnother water bed at °AN feet. 


supply at 273 feet. 
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BLACK HAWK COUNTY 


BY MELVIN F. AREY and W. H. NORTON. 


TOPOGRAPHY. 


Black Hawk county, which lies immediately west of and in 
the same range with Buchanan county, is crossed diagonally 
by Cedar river. Its surface is made up chiefly of the valleys 
of Cedar and Wapsipinicon rivers and their larger tributaries, 
and the plains of Iowan drift which lie between and on either 
side of these valleys. Low bluffs rise near the south side of 
West Fork of Cedar river, and also along the south side of 
Beaver ereek at a varying distance from the streams; they in- 
erease in height eastward and merge into the higher and more 
precipitous bluffs of the Cedar. At Cedar Falls the bluffs 
sweep away from the river, leaving a level area on which the 
older part of the city is built. Below the mouth of Dry Run 
they gradually recede from the river and lose their height and 
steepness of slope. Beyond Waterloo they maintain a distinct 
line between the valley and the drift plain for many miles, 
though at a considerable distance from the river and with 
marked diminution in altitude. 


Between Cedar Falls and Waterloo the Kansan drift features 
are manifest in rounded hilltops crowned with loess, though 
Jowan drift appears in thin veneerings in the immediate neigh- 
borhood, and many round granitoid bowlders are seen. 

Outside of the region above mentioned the Iowan drift plain 
constitutes the surface of the greater part of the townships of 
Cedar Falls, Orange, Cedar and Big Creek, and the whole of 
Black Hawk, Lincoln and Eagle. The last three townships are 
remote from the river, and, except in the narrow, sinuous chan- 
nels of a few small streams, show scarcely a scar upon their 
surface. 

North and east of the Cedar the valley plain rises very grad- 
ually and as a rule imperceptibly to the general level of the 
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drift plain. It is for the most part three or four miles wide, 
level and sandy, and was once wood clad, but now much of it 
has been deforested. Nearly every part of the valley proper has 
been traversed at some time by the river and many large ox- 
bows are still connected with it at ordinary stages of the water. 
Narrow, curved bodies of water, locally known as lakes, sume 
of which, as in Cedar township, are two to three miles long and 
are connected more or less completely, plainly indicate former 
channels. Depressions of every size, but all similar in shape 
and trend, are remarkably abundant. At the time of freshets 
the river not only fills the channels but also occupies much 
of the intervening valley. 

A short distance from the place where the Cedar leaves the 
eounty its valley narrows; it is also noticeably constricted at 
Waterloo. In the northeastern part of the county the entire 
townships of Union and Washington are in the valleys of the | 
Cedar and its tributaries. The topography of Union township 
differs materially from that of any other. The winds seem to 
have had an unimpeded sweep previous to its settlement and , 
to have gathered the sand into dunes of considerable height 
and extent. The poplars, bur oak, and other trees and shrubs 
of similar habitat have taken possession of many of these 
dunes, and all are now covered with vegetation of some kind. 

The drainage of the county is accomplished almost wholly by 
the Cedar river system, though the Wapsipinicon, with its trib- 
utary, Crane creek, cuts across the northeast corner. 

The Cedar is formed by the union of three nearly equal 
streams—the Cedar from the north and east, the Shell Roek 
from the northwest and the West Fork from the west. The 
Shell Rock and the West Fork, however, unite a mile above their 
junction with the Cedar. From the latter point, which is within 
one and a half miles of the north line of the county, the Cedar 
flows for four or five miles nearly south, then southeast to Gil- 
bertsville, whence it again goes southward for four or five 
miles, finally bending to the southeast and keeping that direc- 
tion till it leaves the county. Except for short distances be- 
low the dam at Cedar Falls and at Waterloo, its bed is in un- 
consolidated material. Indurated rocks outerop in but few 
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places along its banks, even the high bluffs in the neighborhood 
of Cedar Falls and Waterloo being apparently made up wholly 
of drift material. : 

From the west the Cedar receives Beaver, Dry Run, Black 
Hawk, Miller, Big and Rock creeks; from the east, Elk, Indian 
and Spring creeks. It is noteworthy that each of these streams 
approaches the Cedar at nearly a right angle in marked con- 
trast with the tributaries of the Wapsipinicon and the Iowa. 
The basin of the Cedar is therefore proportionately much wider 
than that of either of the other rivers named. The headwaters 
of Spring and Elk creeks are within two miles of Wapsipinicon 
river and Crane creek, respectively; the Black Hawk takes its 
rise within five or six miles of the Iowa. 


GEOLOGY. 


The geologic formations of Black Hawk county are compara- 
tively simple. Heavy deposits of Kansan drift covered by a 
thin veneer of Iowan drift and in places the intervening Bu- 
ehanan gravel conceal the hard rocks in the northeastern and 
southern parts of the county. Rock is exposed mainly along the 
margins of the valley of the Cedar or outcrops in the banks 
along the lower courses of its tributaries. 

_ Except in the small area in the southwest corner of the county, 
where the drift probably rests on rocks belonging to the Kinder- 
hook stage (basal Mississippian), and a small area in the eastern 
part of Fox township, where it overlies the Wapsipinicon lime- 
stone (Middle Devonian), the drift in Black Hawk county is un- 
derlain by the Cedar Valley limestone (Middle Devonian). The 
rock is everywhere limestone, though in places very shaly or 
earthy. The total thickness of the Cedar Valley limestone in 
the county is not less than 75 feet. The rock is for the most part 
thin bedded, soft, and much jointed and serves as a very good 


water bearer. 
UNDERGROUND WATERS. 


SOURCES AND DISTRIBUTION. 


Except at Waterloo and Cedar Falls the water supply of 
Black Hawk county is obtained from the Buchanan gravel, the 
Cedar Valley and Wapsipinicon limestones, and the [Kansan 
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drift. On the farms pumps are universally operated by wind- 
mills. Flowing wells are rare. 

In the valley of Wapsipinicon river, which is confined to the 
eastern half of Lester township, the northeastern township of 
the county, the alluvial deposits are everywhere underlain by 
gravels, which vary somewhat in fineness and in thickness but 
which almost everywhere afford satisfactory supplies of good 
water to comparatively shallow wells. The village of Dunker- 
ton, in sections 29 and 32, gets its water supply wholly from 
driven wells ending in these gravels. Norton reports two flow- 
ing wells on the slopes of the river bottom. One, the well on 
H. Flattendorf’s place, flowed up to 1905, the other, on William 
McGee’s place, still flows. The depth of these wells is not 
known. 

On the Iowan drift plain lying between the Wapsipinicon val- 
ley and Cedar river valley in the north tier of townships and in 
general in all that part of the county east of the Cedar river val- 
ley a few wells end in sand or gravel beds or streaks within the 
Kansan drift, but by far the greater number end a short distance 
within the underlying Cedar Valley limestone. The wells range 
in depth from 85 to 300 feet. 

A well on Clubine’s place, 2% miles north of Dunkerton, on 
high ground near the edge of the Wapsipinicon river bottom, is 
274 fleet deep and ends in sand. In a well in section 21 rock was 
reached at 140 feet. 

Near the Bartlett quarry in East Waterloo township, on the 
bluffs just back from the river bottom, where the thickness of 
the limestone is unusually variable, wells are about 100 feet deep, 
the depth in rock ranging from 60 to 90 feet. Water is found 
* just below the blue limestone. 

On a small creek called Rock Run, 214 miles east and 11% 
miles north of Waterloo, two flowing wells, 109 and 87 feet deep, 
are reported by Mr. Purington, a pump dealer of Waterloo. 
Both end in coarse gravel without reaching rock. 

In the immediate neighborhood of the flowing wells northeast 
of Waterloo are several springs. Probably springs and wells 
have a common source in the Cedar Valley limestone. 
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In Fox and Spring Creek townships, rock outcrops along the 
slopes of Spring creek valley up to the prairie level in many 
places, making it necessary for the farmers to drill all their - 
wells. 

On the wide river bottom of the Cedar most of the wells are 


‘driven, are about 18 feet deep, and end in the Buchanan gravel. 


The depth of the wells depends on the surface elevation, the 
water being found ‘at about the level of the water in the river. 
Some wells on the river bottom must penetrate the blue lime- 
stone before obtaining an adequate supply of water. 

At Westfield, in section 22, West Waterloo township, a 15- 
ich well gives the following section: 


Section of well at Westfield. 


2s = — =F +: ~~ = 








Thickness; Depth 
{ } 





a a tee eh lee baa nae oa anaes aan Sag ew Dae See aSene | 14 | 14 
URNA TS Ny apres  e cance eweamandoucns 4 | 143 
IRIE MEDIO a ok oe aie aa aie an ede noone web edmmeiisneneee | 18 | 323 
0 a ee acne tee Gaee ane kebandedeecanasucnacenel 7 39% 
Limestone, porous (first vein, water not abundant)__-.-.---.-_-_-__.-_._--- 9 | 485 
SERIO SUTITKICRCCONG WEIN) 2-28. o-oo oo ee eee ace pc cme case ceee ann] 30 | 784 
PemCnconenttare) vein.) water abundant) —<.-./.2_.2-~ 2. 2-2 cc ens. | 288 | 107 








At Washburn, Cedar township, wells 30 to 35 feet deep obtain 
a plentiful supply in sand. A mile and a half to the southwest 
is a well 60 feet deep, 12 fieet in rock, and another 60 feet deep 
near by goes 30 feet into rock. Some wells in this vicinity are 
100 feet deep. The water of these deeper wells is reported as 
disagreeable to the taste. 

On Mr. Marble’s place, half a mile east of the packing house 
at Waterloo, the well is 44 feet deep, 30 feet being in a very hard, 
compact limestone that is unusual in this county. The water 
rises within 14 feet of the surface. 

The city well at La Porte obtains its supply from the Buchanan 
gravel, not entering rock. As La Porte is 812 feet above sea 
level (Chicago, Rock Island & Pacific Railway track elevation), 
an artesian well 1,400 feet or 1,500 feet deep should yield water 
that will rise 10 to 20 feet above the surface. The Maquoketa 
shale will be reached at a depth of about 300 feet, the Galena . 


dolomite at 550 feet, the Saint Peter sandstone at 930 feet, and 
20 
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the Jordan sandstone at 1,300 feet. Such a well should be sunk 
to the bottom of the Jordan, which is about 1,450 feet below 
the surface. 

The area southwest of Cedar river is a typical Iowan drift 
plain, crossed diagonally by the shallow valley of Black Hawk 
ereek. Limestone outcrops in the immediate neighborhood of 
Cedar Falls, Waterloo, and La Porte, and in a limestone ridge 
in section 24, Eagle township. Everywhere else the rock is 
deeply buried beneath the drift materials. 

Wells in this area range in depth from 60 to 250 feet. A few 
derive their supply from sand or gravel beds within the drift, 
but most enter the rock from 2 to 12 feet, and exceptionally 
penetrate rock to a depth of 20 to 60 feet. In the southwest 
half of this area, making due allowance for differences of sur- 
face level, the underlying rock surface is fairly uniform, but 
in the northeast half it varies much more. Most of the water 
is reported as good, but one well driller, whose experience is 
mainly in the southwest half, reports considerable diversity 
in its quality. : 

In Waterloo township, in the west half of section 22, at the » 
old Hummel place, 60 feet of quicksand was passed through 
below 100 feet of clay. Water was obtained, but the supply 
did not prove permanent. 

In Orange township, at the county farm (NE. % see. 3), 
where the surface elevation is about 100 feet above the river 
bottom, the well is 175 feet deep, 110 feet being in clay and 65 
feet in limestone, where the second vein yields water plentifully. 
A well near by is 139 feet deep, 100 feet of which is in lime- 
stone. One mile west of the county farm, on N. Miller’s place, 
at about the same surface level, the well is 115 feet deep, 10 
feet being “a rock. All these wells yield unfailing supplies. 


CITY AND VILLAGE SUPPLIES. 


Cedar Falls:—The city supply of Cedar Falls (population, 
5,012) is from springs in the valley of Dry Run in sec. 13, T. 89 
N., R. 14 W., a mile southeast of the postoffice. The springs 
issue from a fissure in the Cedar Valley limestone just above 
the level of the bed of Dry Run at the base of bluffs about 30 


By, Re Bs Pols: 
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feet high, and they furnish, with several other sources in this 
immediate vicinity, a total discharge estimated at nearly 6,000 
gallons a minute. It is reported that the supply is somewhat 


less during dry weather and that the water is turbid at times of 
heavy rains or high river floods. The public supply is used 
for domestic purposes and for steam boilers, the average daily 
consumption being 350,000 gallons. More than two-thirds of 
the populaton, including the Iowa State Teachers College, is 
supplied with this water. 

A sudden epidemic of typhoid fever octurred in the city in 
the fall of 1911, during which more than 100 persons were af- 
flicted and nearly 20 died. It was the opinion of three inde- 
pendent investigators that the city water supply had become in- 
fected and was the cause of the epidemic. The limestone from 
which the water issues is exposed in the beds of Cedar river 
and of Dry Run and is covered throughout a greater part of 
the city by a mantle of coarse gravel only 5 to 15 feet thick. 
Many cesspools and wells enter the limestone and thus afford 
opportunity for contamination, as the rock is broken and full 
of crevices and water channels that allow free circulation of 
water without filtration. It is currently reported that cracks 
or sink holes in the be dof Dry Run above the springs have 
been filled up at different times in an attempt to prevent the 
entrance of surface water. It is evident that several possible 
sources of contamination of this aquifer exist in the immediate 
vicinity. | 

‘After careful consideration of the reports and recommenda- 
tions of State and Federal experts the city officials had an ex- 
perimental well sunk at the pumping station. This well passes 
through 38 feet of alluvium, sand and gravel, then through 78 
feet of limestone, heavy bedded for the most part, though the 
lower 14 feet is shaly. Ata depth of 116 feet there was encoun- 
tered a copious supply of water, which rose within 11 feet of the 
well mouth. A galvanized iron cylinder was inserted through 
the alluvial filling well into the rock. Within this cylinder an 
8-inch casing was inserted within 14 feet of the bottom of the 
well, or to the shaly limestone which is the aquifer. By a care- 
ful test sustained for 24, 36 and 48 hour periods water was 


The following paragraphs were written by Professor Arey In 1912. 
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pumped at the rate of 500 and 600 gallons per minute without 
lowering its level except for four feet at the starting of the 
pumps. At the time of high water in the spring when spring 
water taken at the station was turbid, the water of the well re- 
mained clear and analysis at that time showed the water to be 
free from pathogenic and chemical impurities. 

As a result of this experiment, two similar wells were sunk, 
No. 2 at a distance of 20 feet from No. 1, and No. 3 at a dis- 
tance of 40 feet from No. 2. 

The city is installing a new cross compound Corliss Prescott 
pumping engine with a capacity of 2,000,000 gallons daily, 
against a pressure of 90 pounds per square inch. The wells are 
so connected with the main suction pipe that any one or more 
of the wells can be used at any one time. 

Every precaution has been taken to provide against a possi- 
bility of contamination of the water supply, even to the extent 
of infusing the standard amount of hypochlorite of lime into 
the water at all times, thus insuring the destruction of any 
pathogenic bacteria that might appear, though the water never 
has shown any trace of turbidity or other indications of contam- 
ination. It is believed that the problem of a safe water supply 
has been successfully solved, since the possibilities of contamina- 
tion which existed under the former system—at the spring res- 
ervoir, through the long wooden conduit, which ran beneath the 
surface of the ground in a sandy bed, and at the supply well, 
or cistern, at the waterworks end of the conduit—have been 
eliminated. It has practically been proven that the contamina- 
tion of the spring water has taken place by one or more of these 
means. Repeated and long continued tests with fluorescein have 
failed to show connection of the waters of Dry Run with the 
spring water. 

Waterloo.—The city of Waterloo (population, 26,693) ob- 
tains its supply from three deep wells, respectively 1,373 feet, 
1,377 feet and 1,365 feet in depth. (See Pls. VI, VII.) Previous 
to the drilling of these wells the water supply had been drawn 
from Cedar river and treated by mechanical filtration. In 1903 
and 1904 a severe epidemic of typhoid fever was traced to the 
contamination of the water supply by sewage from a town sit- 
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uated up the valley, filtration having failed to destroy the micro- 
organisms of the disease. The city officials then asked the 
United States Geological Survey and the Iowa Geological Sur- 
vey for information as to other possible sources of supply, and 
W. H. Norton was detailed to make an investigation. In his 
report: a hypothetical geologic section at Waterloo was given, 
which is reproduced here with a parallel column showing actual 
depths at which the formations were encountered by the drill. 


Hypothetical and actual geologic section at Waterloo. 


























Estimated|Estimated! Actual 
Thickness} Depth Depth 
| 

Feet | Feet Feet 
imimestone and shale (Devonian) —-~---.--<s<2<0--ce nue tecn nce 125 125 | 158 
Puamescone (Silurian) ------—--___-____-_-—--..._.--__--.-.--_------| 135 260 | 265 
BICONE TAQUMOKCCS): occ o aa eco naw ese nna utetatadccosanaskacsar | 165 425 | 480 
Limestone (Galena and Platteville) ~-.----.---------------------- 410 SBD 815 
Sandstone (Saint Peter) (50 to 100 feet).-..._...------_------.- &0 915 |} 862 
Shakopee, New Richmond, and Oneota _..-..---------------------- | 400 1,315 | 1,205 
PIeBUGHE TOO OLGAN) oe ao ccan a ons ea wat eh eo tb ot od abn enns sn cuee 100 1,415 | (2?) 1,362 





The report stated that an experimental well, 1,400 feet deep, 
would test the capacities of the chief zones of flow, and the city 
officials were advised to carry the experimental boring as much 
farther as necessary to test the capacity of the Dresbach and 
underlying Cambrian sandstones. The head was estimated at 
between 20 and 30 feet and the discharge from a six inch well 
at between 100 and 300 gallons per minute. The Waterloo Water 
Company had such confidence in the artesian resources avail- 
able that, instead of sinking an experimental well of small di- 
ameter, an eight-inch well was put down to a depth of nearly 
1,400 feet. As the capacity was found to be 290 gallons under 
natural flow and 700 gallons under the pump, it was decided 
to carry the drilling no deeper to explore the Dresbach and 
underlying sandstones, but to drill at once a second well of 
about the same dimensions. The two wells together yield under 
the pump, 1,550 gallons per minute. 

Detailed information concerning these wells follows: 

Well No. 1 has a depth of 1,373 feet and a diameter of 20 
inches at top, 8 inches at bottom; casing, 35 feet of 20 inch, 106 
feet of 15 inch, 284 feet of 9 Prats and 122 feet of 7 inch, making 


_ iContributions to the hydrology of the eastern United States: Water Supply 
Paper U. S. Geol. Survey No. 145, 1905, pp. 148-155. 
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a total of 547 feet from the surface. The curb is 847 feet above 
sea level and the head 20 feet above curb. The well flows 290 
gallons per minute; its tested capacity is 700 gallons per minute. 
The water first overflowed from a depth of 840 fet, and very 
slightly increased between this and next strong flow at 1,360 
feet. Temperature in August, at well mouth, 56° F. The well 
was completed in 1905 at a cost of about $6,000 by W. H. Gray 
& Brother, of Chicago. 


Record of strata in Waterloo Water Company’s well No. 1 (Fls. VI, VII). 





















| Thickness} Depth 
; Feet Feet 
Quaternary (30 feet thick; top 847 feet above sea level): 
Surface deposits; no samples. [<< <2sc-2-- es es 2s ee ee 80 30 
Devonian (128 feet thick; top 817 feet above sea level:° 
No samples’. 2. tc ee ee SS eee 70 100 
Limestone, light brown, hard, very fine-grained; rapid effervescence, 
some chips brecciated, fragments brown, matrix yellow, facies of 
Wapsipinicon limestone, considerable sand, and yellow limestone from 
QDOVO’. xac5nsasa neh coe ae eae ee ee 5 105 
Limestone, blue-gray, rough, vesicular, and drab, hard, dense; both of 
ranid :effervescence* S20. to ee eee een eee eee ae 7 112 
Limestone, buff, porous, mottled, rapid effervescence_..__._.___.-_______ 14 126 
Chert, gray and black, and limestone, yellow; rapid effervescence; some 
gray sandstone of fine rounded grains at 136 feet; 2 samples___-_______- 17 143 
Limestone, light gray; slow effervescence; soft, with dark flint and sand- 
stone as above; residue of limestone chips, highly argillaceous, with 
particles of translucent gray flint, rounded grains of fine quartz sand 
and’ grains ‘of pyrites: 2: samplesse2 3 eae eee ee 6 15 | 158 
Silurian (107 feet thick; 689 feet above sea level): Sie 
Niagaran dolomite— . 
Dolomite, blue-gray, hard, porous, pure, crystalline; in small chips 12 170 
Dolomite, as above, with shale, light blue-gray, caleareous_..-._____ 6 176 
Dolomite, blue-gray, crystalline; some shale and some fragments of 

mottled sandstone from above 10 186 
Dolomite, blue-gray —~-----.---.-.---- feetareeeeeeate : 14 200 
Dolomite, light blue-gray, rough, siliceous, vesicular; with cavities 

lined or filled with crystalline quartz 5 205 
Dolomite, in fine meal, light yellow, almost white, highly argillac- 

eous residue shows much ecryptoerystalline quartz in flakes and 

some ‘particles of. crystalline) quartz__....-.-----_ ee 5 210 
Dolomite, blue-gray, rough, crystalline, siliceous, and cherty; 2 : 

BAMples Fos see a ees ees ee oe eee eae eae aie eee eae 20 280 
Dolomite, light yellow-gray, finely saccharoidal; 2 samples_.....____ 10 240 
Dolomite, gray; in 8and Wo oos pe eee es oe ean ee ene anew ereeee 5 245 
Dolomite, light yellow-gray, argillaceous, and siliceous; minute 

grains and particles of quartz; 3 samples___-.-----__.-.---_-._-----_ 20 265 

Ordovician: 
Maquoketa shale (215 feet thick; top, 582 feet above sea level)— 
Shale, greenish blue and drab; in concreted masses; calcareous; at 

495. traces. of built dolomite;-2i samples 2 9 see oe pede ee 165 430 
Dolomite, crystalline, buff and brownish gray; in chips and sand; 

CEE 3095 0) TIE peop pe ge a Se te 35 | 465 
shale, drab, concreted powder, calcareous; 2 samples_-------____-__- 15 | 480 

Galena limestone to Platteville limestone (865 feet thick; top, 367 | 
feet ahove sea level)— | 
No samples ----..-----------------------------------------------------..- BT.) 495 
Limestone, light yellow-gray; thin flakes, earthy; rapid effervescence 15 510 
Limestone, argillaceous, rapid effervescence; in white powder; 6 

samples ~---~------------------------- ---------------------------------- 95 605 
Limestone, soft, buff, and chert, yellow; drillings chiefly chert____.. 11 616 
Limestone, light gray; rapid effervescence; argillaceous; 7 samples_- 149 766 
Shale, light green-gray, highly caleareous (probably Decorah shale)_- 20 785 
Limestone, soft; brownish and graye 22.20 5.2 ona see cae 30 &15 

Saint Peter sandstone (47 feet thick; top, 32 feet above sea level)— 





Sandstone, white, rounded grains._.--..-.--_-------------------------- 47 862 


miles 


oe 


SO ee ee ee 
ae \nlateithaiibclenaie OSE ea teas 
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Report of strata in Waterloo Water Company’s well No. 1—Continued 








Thickness! Depth 











Feet Feet 
Prairie du Chien stage— 
Shakopee dolomite (168 feet thick; top, 15 feet below sea level)— 
So TMT) Poe Say a es ee ee ee eee ll 873 
Dolomite. gray and white, hard. crystalline, in chips: much 
clear quartz sand, largest grains 0.8 millimeter in diameter_._- 17 890 
Dolomite, pink, vesicular, considerable quartz sand in drillings_- 10 900 
Dolomite, gray; with much quartz sand in drillings but no 
grains found embedded in dolomite...._......-......--......+... 63 963 
Dolomite; buff, cherty, almost free from quartz sand_-.---.-.- 17 980 
Dolomite, gray; in chips; sparingly arenaceous__---------------- 30 1,010 
Dolomite, gray; in fine chips with some quartz sand_-__.-._.--- 20 1,030 
New Richmond sandstone (30 feet thick; top, 183 feet helow sea level) 
Sandstone, white; well rounded grains; largest grains 1.5 milli- 
ERE OTMPAT INGE 2 TTT GO os os sy ita sleds la foes cree inp eben ge 15 1,045 
Dolomite and sandstone, gray; much quartz sand in fine 
SENSIS) ACS) 0 ie RRS ES SE Se ee ee 15 1,060 
Oneota dolomite (145 feet thick; top, 213 feet below sea leve]l)— 
Dolomite, gray and blue; cherty in places; 4 samples_—-------.| 65 1,125 
Marl, in light yellow-gray powder; very large residue of minute 
OUlICleRe Ole GURT0isss sane aac ae kre me dacsenacaseneeen pew ens 25 1,150 
Dolomites: lent buns some white ‘chert... 2.2. 20 1,170 
Marl, in finest yellow-gray meal; very large residue of minute 
OUTER othe fia) y Aes 8 ssa, Se eee eee ee Ss ae eee Re 15 | 1,185 
WMolonite,,yellow-eray, highly cherty. ..--.--....----5.....-..... 20 1,205 
Cambrian: 
Jordan sandstone (157 feet thick; top, 358 feet below sea level)— | 
Sandstone, yellow-gray; grains rounded; largest 0.5 millimeter in | 
diameter; in loose sand and in small chips of ‘buff calciferous | 
Cheol) ito ee Se Sa Ea aE a eS ee ae nS, See ee a 15 1,220 
Sandstone, gray; largest grains about 1.5 millimeters; in loose 
sand, with some chips of -oft, very fine-g:ained blnish sandstone- 15 | 1,235 
geecerone, gray; clean rolled grains, largest 1 millimeter {In diam- 3 4 
ee ene SE eS ca ae een en 1 1,253 
Dolomite, highly arenaceous; in small chips and sand of fine rolled 7 oa 
MEL oe Be AE yd dsm a UR A Ss ey nee ne 1 1,270 
Dolomite, minutely arenaceous; in fine light yellow-gray powder; 
large residue of minute quartz particles___-._.....--._--..----__--.. 10 1,280 
Dolomite, yellow-gray, minutely arenaceous; with considerable fine 
ROEM E RIND Ine ULM Oe Goes 8 oo ool el cin em enentee ened 22 . 1,302 
Dolomite, light gray, crystalline, vesicular, arenaceous; in chips_- 60 1,362 
3 Saint Lawrence formation (11 feet penetrated)— 
roe tOen VONOW- STAY (cess oon foes d sie oc ena b eee en nc ancocnce once acn 11 1,378 








The Waterloo Water Company’s well No. 2 is located about 
1,600 feet from well No. 1. It has a depth of 1,377 feet and a 
diameter of 20 inches to about 201 feet, 1012 inches to 626 feet, 
and 814 inches to bottom; 20-inch casing to 139 feet 4 inches, 
16-inch to 201 feet 2 inches, and 9-inch to 626 feet;hemp 
packing at 198 feet. The curb is about 847 feet above sea level 
and the head, 4 feet 5 inches below the curb. The tested capacity 
is 850 gallons per minute, temperature, 54° F. The well was 
completed in 1907 by W. H. Gray & Brother, of Chicago. 


The Waterloo Water Company’s well No. 3, recently drilled, 
has a depth of 1,365 feet and a diameter of 20 inches to 200 
feet and of 12 inches to bottom; casing, 200 feet of 20-inch and 
660 feet of 12-inch, casing off the Saint Peter. Temperature, 
04° F. The well cost $11,000. It was drilled by the Whitney 
Well Company, of Chicago, in 1911. 
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BREMER COUNTY 
BY W. H. NORTON. 


TOPOGRAPHY. 


Topographically Bremer county is part of the wide Iowan 
drift plain of northeastern Iowa. Cedar, Wapsipinicon, and 
Shell Rock rivers cross it in three wide valleys cut 60 to 80 feet 
below the adjacent prairie levels. The broad alluvial floor of 
the Cedar is in places two and even three miles wide and is in- 
cised below its ancient gravelly flood plains, but the Wapsipini- 
con, whose valley is 114 to two miles wide, still flows well up 
to the level of the glacial outwash of its aggraded floor. 

About Waverly and near Denver small insular areas of high 
loess-eapped hills of Kansan drift, separated by intricate and 
deep ravines, overlook the Iowan drift plain. 


GEOLOGY. 


Nearly the whole of Bremer county is underlain by rocks of 
the Devonian system. Owing to local deformation the Niag- 
aran dolomite (Silurian) comes to the surface in two or three 
isolated areas. An ancient wide, rock-cut valley, now com- 
pletely filled with drift, extends from north to south between the 
valleys of the Wapsipinicon and the Cedar, and in it the drill 
discovers beneath the drift the blue Maquoketa shale (Ordovi- 
cian). . 

UNDERGROUND WATER. 


SOURCES. 


The ground-water beds of the county consist of alluvial sands 
and gravels on the flood plains of the rivers, sands at the base 
of the loess, lenses of sand included within the drift sheets, beds 
of sand and gravel parting the Iowan and Kansan drift sheets 
and separating the Kansan from the still earlier Nebraskan 
drift beneath it, sand resting on bedrock, broken layers of rock 
immediately underlying the drift, and indeterminate beds with- 
in the Devonian limestones. 
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DISTRIBUTION. 


The lateral extent of the beds just named may be briefly 
stated. Alluvial sands and gravels are restricted to the valley 
floors of the arger streams. As a rule they furnish plentiful 
supplies for stock and house wells, except on well-drained ter- 
races which are remnants of ancient flood plains, now left some 
distance above the present stream by the downcutting of the 
channel. The towns of Plainfield and Horton in the valey of 
Cedar river are thus supplied. 


Loess is restricted to an area extending southeast from 
Waverly to Denver, and in the northwestern part of this area 
is limited to isolated hills and groups of hills rising from the 
Iowan drift plain. In the southeastern part of the area it 
forms a continuous and heavy sheet mantling a deeply eroded 
upland of Kansan drift. This porous deposit acts as a sponge, 
absorbing water during rains and discharging it somewhat 
freely, both by evaporation and downward percolation in dry 
weather. But the supplies drawn from its basal silts and sands 
have not as a rule been found to be either permanent or large. 
Moreover, where the loess is thickest and most extensive it rests 
directly on clays of Kansan age with no intermediary gravels 
to furnish a reservoir. Even here, however, seepage wells that 
furnish sufficient water for house use or for small farms not 
carrying much stock can be had in favorable situations from 
the somewhat more porous silts at the base of the loess. 


The loess passes downward into a yellow water-bearing sand 
about the margins of the Iowan drift plain and along the bases 
of the isolated hills about Waverly, but here there is no great 
extent of loess to act as an intake area, so that the supply must 
be small. 


The several beds of sand and gravel associated with the drift 
occur throughout the county and form reliable and much-used 
water beds. The Devonian is also nearly as extensive as the 
county. Where the drift is thick drillers report that in many 
localities water is found in the shattered surface rock broken 
in part by preglacial weathering. As the Devonian limestones 
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are easily soluble well-opened waterways have been dissolved 
out along joints and bedding planes and in places connected with 
the surface by sinkholes. Over a considerable area, where these 
limestones have been cut away by preglacial river erosion, wells 
depend entirely on water-bearing beds in the drift. . 


UNDERGROUND-WATER PROVIN CES. 


Wapsipinicon Valley—The valley of Wapsipinicon river 
from Frederika south to the county line is a plain 1144 to more 
. than two miles wide, cut about 60 feet below the level of the 
adjacent prairie. (See fig. 3.) The ill-drained valley floor de- 
scends from the bazes of the gentle slopes of the. bordering hills 
by almost imperceptible degrees to the little river. From 10 
to 20 feet of alluvial sands cover the surface, beneath which the 
drill finds, from Tripoli south, a stony clay 50 to 80 feet thick, 
the deposit of an ancient ice sheet, probably the Kansan: Under- 
lying these impermeable beds lie water-bearing sands and 
gravels of unknown thickness, laid apparently on the floor of a 
preglacial or interglacial valley cut either in bedrock or in an 
older drift. As this water bed rises up the valley with the 
gradient and also on the valley sides, where no doubt it connects 
with glacial sands on the adjoining uplands, and as it-is covered 
by heavy clays, the water it contains is under artesian pressure 
and wherever tapped gives rise to flowing wells. The same con- 
ditions obtain in the lower part of the valley of the East Wap- 
sipinicon. | 

Although farmsteads are few on these valley floors, which, 
owing to their ill-drained condition, are used chiefly for pas- 
ture and grass land, and although the rivers themselves furnish 
a supply for stock, yet nearly all the farmsteads in the valley 
and several located some distance up the valley sides have ob- 
tained copious flows of palatable and pure artesian water. 

The pioneer wells of this field were sunk more than 30 years 
ago, and the head of a number has diminished. The static level 
of some wells on the hill slopes has been so drawn down that 
they have ceased to flow, but. the supply is still ample on all 
the bottom lands. It is usually wisely economized.by discharge 
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pipes not more than three-fourths of an inch in diameter. Some 
wells are plugged during the portion of the day when they are 
not in use. 

The reported head varies considerably. The highest given is 
that of the J. J. Cook well, in the SE. 14 sec. 1, T. 92 N., R. 12 
W., in. which the water rose to a height of 21 feet above the 
curb as measured in a pipe. This well is situated at the base 
of the bordering hill slopes, and the curb is several feet higher 
than that of the other wells situated well out upon the valley 
floor. Among the latter, that of Christian Baker had a head 
of 30 feet; others are said to have heads as low as 10 feet. 

It is reported that the head of wells on the upland between 
Wapsipinicon river and Buck creek has distinctly lowered, in 
some wells as much as 10 feet, and this decrease has been attri- 
buted to the flowing wells of the adjacent valley. 

The midsummer temperature of the wells flowing under great- 
est pressure, and hence least warmed in their pipes, is about 


AT ER. 


Up the valley from Tripoli water rises nearly to the surface 
but does not overflow. The only well near Tripoli of which a 
section has been obtained shows alluvial sand and stony clay to 
60 feet, underlain by four feet of sand from which water rises 
within five feet of the surface. Another well, 234 miles to the 
north, in the NW. % sec. 18, T. 93 N., R. 12 W., found no blue 
stony clay but passed ‘directly from 10 feet of yellow clay into 
gravel which became more and more coarse, till at 53 feet, the 
bottom of the well, its pebbles were larger than hen’s eggs. 

Buried channel of ‘‘Bremer River.’’—A ground-water pro- 
vinee of special interest is defined by a deep preglacial buried 
valley which traverses the county from northwest to southeast 
through Douglas, Warren, Jefferson, and Maxfield townships 
(see fig. 3.) Here numerous wells, from 200 to 273 feet deep, 
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Figure 3 


-—Map of artesian field of Wapsipinicon river anu of buried cChan- 


nel of Bremer river. 


UNDERGROUND WATERS OF THE NORTHEAST DISTRICT 317 : 


* 


end in drift, thus failing to reach the rock floor of the ancient 
valley. The depth in rock to which the valley was cut is at 
least 220 feet, as shown by the elevation of outcrops 214 miles 
distant. In the southern part of the county the ancient fluvial 
floor lies at least 160 feet below the rock bed of Cedar river at 
Waverly, or at an elevation less than 765 feet above sea level. 

The drift is heavy on both sides of this buried valley and par- 
ticularly so on the east side, where few wells reaching rock are 
reported. The facts at hand warrant the belief that the valley 
is at least as wide as that of the Upper Iowa in Allamakee 
county, this stream being selected for comparison because it is 
a preglacial Iowa valley in the driftless area. The spacing of 
the deeper wells demands a width of at least 14% miles. and no 


data are at hand which negative an estimate of twice that width. 


Wells, by no means the deepest of the area, which enter rock 
encounter either the dry shales of the Maquoketa or a thin bed 
of Niagaran dolomite. Beyond doubt at least the medium 
portion of the channel was cut in the Maquoketa shale, and in 
this weak rock a wide valley is to be expected. 


As the valley floor is made for the most part of dry shale, 
wells which fail to find water in the drift are compelled to go 
to an exceptionally great depth to the limestones of the middle 
part of the Maquoketa or even to those of the Galena and Platte- 
ville. The large majority of wells in this ‘‘deep country,’’ as 
drillers term it, find water in the sand and gravel associated 
with the drift. 

In Douglas township the few wells reported which are refer- 
able to the channel find little or no sand so far as known, the 
channel here apparently being filled with blue stony clay. Two 
wells were compelled to go deep into rock for water, one in 
section 27 to 337 feet and one in section 6 to 266 feet. Both 
wells passed through the upper shale of the Maquoketa and 
found water in limestones referred to the Middle Maquoketa, 
the shale in the first well being 87 feet thick overlain with 10 
feet of Niagaran dolomite, and in the second 60 feet thick over- 
lain with drift. 

In at least the northern part of Warren township no contin- 
uous and heavy bed of sand is found in the channel, although a 
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number of wells find water-bearing sands and gravels in the 
drift amply sufficient for farm supply. Thus in section 5 three 
wells find water-bearing sand at depths of 236, 150 and 92 feet, 
and in section 4 a well entering rock at 180 feet was compelled 
to go 287 feet before cbtaining a supply. In section 17 a well 
which enters the Niagaran at 212 feet passes through 100 feet of 
shale (Upper Maquoketa) before finding water at its base at 317 
feet below the surface, no gravels or sands being here reported 
from the drift. . 

Where the channel crosses the northeast corner of Jefferson 
township, wells find the stony clays of the Kansan (together 
with those perhaps of the Nebraskan) more than 200 feet in 
thickness. Here a water bed of sand and gravel is entered at 
about 200 feet and in one well was penetrated to a depth of 1% 
feet. 

In Maxfield township the channel seems to reach its greatest 
depth. Along its course none of the deeper wells reach rock. 
The drill here passes through from 230 to 260 feet of yellow 
and blue clay before reaching water-bearing gravels whose 
depth is quite unknown. In some of these wells water rises to 
within 50 feet of the surface. 

A little outside of the channel, in section 8 of Maxfield town- 
ship, two wells failed entirely to find water sands either in or 
beneath the drift, which here consisted of stony clays 190 and 
170 feet thick. In the first well the drill entered limestone 
(Niagaran), three feet thick, immediately below the drift, and 
thence passed through 300 feet of shale, the entire Maquoketa. 
Entering then the Galena limestone it was necessary before 
finding water to penetrate 191 feet, making the total depth of 
the well 684 feet. In the second well on this section the drill 
passed through 285 feet of the Maquoketa shale and penetrated 
the Galena limestone 10 feet, the well being unfinished at date of 
writing. 

The buried channel of ‘‘Bremer River’’ thus seems to differ 
from many similar ‘‘deep countries’’ in the absence of thick, 
eontinuous, and hence reliable water-bearing sands. The sink- 
ing of a well in this belt is therefore as much of an experiment 
as anywhere else in Iowa. The drill may strike water in one 
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of the scattered lenses of sand within 100 feet or may be com- 
pelled to go 200 feet and more to the main water-bearing sand. 
HKiven this may fail, and the drilling, if continued, must be car- 
ried at least to the limestones of the Middle Maquoketa and 
possibly even deep into the Galena. Fortunately wells are un- 
common in which water is not found in gravels within at least 
_ 270 feet of the surface. 


CITY AND VILLAGE SUPPLIES. 


_Denver.—Waterworks at Denver (population, 224) were built 
in 1907 with supply from a well 132 feet deep. The log of the 
well is as follows: 


Log of city well at Denver. 

















TRE | Deven 

| Feet Feet 
(RL ENL EO CC pc aS eee IS AI re A 2 AS ee 18 18 
(CEN I lg I ESS ol ERS I iS = ep a rn | 70 88 
Quarry rock to water ~-----.----.--------.-----------~------------------------- | 28 116 











Water is pumped to an elevated tank and thence distributed 
through 1,200 feet of mains. There are three fire hydrants. 
The house supplies are still obtained from wells which differ 
greatly in depth to rock and in depth at which water is found 
in rock. The drift gravels may or may not furnish an adequate 
supply. A buried channel, connecting with that of Bremer 
River, which runs a few miles east of the town, has largely cut 
away the Devonian and Silurian limestones, and wells in places 
may pass from the drift into dry Maquoketa shale. The follow- 
ing wells illustrate the various conditions: 


Log of Clausing’s well, one block from Main street. 











Thick- 

ness Depth 

Feet Feet 
a Rae eae een od aula s paid cect anndepasinemadendncnasd owen anerd 66 
rim OMA RSC oe sed seater at erence sas eneneeciensuanemes senescence cwomast 10 76 
rane eg ee es ho ew ees eee we mer een ain ee leanne 86 162 
SA Ge TARE a ES OV Ch )) = Bama = ase Be ee ee 248 410 





The Clausing well was a failure, but another well sunk on the 
same lot secured water in gravel at 90 feet. 
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Log of well on Main street, a block from Clausing’s well. 




















Thick 
ness Depth 
Feet Feet 
Olay 5. VCLLO Wie seca ae oe ae ee te ee cae ree ee ee eee ee el 12 12 
Olay; blue}; pebbly \s.22 2 oo = ces he a ee ea ee ee 30 42 











Log of Henry Bauman’s well three blocks east of Clausing’s well. 

















Thick- : 
nana Depth 
Feet Feet 
LBS ab tah As aot A ree eae eS ee UF ek py ee ks 120 120 
TAMOCRLONC Se oo aoc coe ns Sk ee te ee ee re a ae a ea ee ne eee 4 124 
hale; Pred; © soft...c 225. a eee ee ee ee eee 8 132 
Shale, blue. 2... -- <0. es Seo renner eee een ees eee ee eee eee 88 220 








This well was a failure, but, the drill being moved 16 feet 
away, a successful well was secured with the following log: 


Log of second Bauman well. 

















Thick- 
ness Depth 
Feet Feet 
Drift oo2- na es oe lennon ed sae oan ean ae eee eee 120 BIRD 
Limestone (water bearing) ~-----_.-------. paces Ppa SS Apo ne 40 |. 160 











Frederika.—Frederika (population, 149) is situated on a 

rock bench covered with a veneer of alluvial sand and gravel 10 
to 20 feet thick. Wells obtain water from the Devonian lime- 
stones at a depth of from 35 to 45 feet from the surface. 
“ A hole drilled for the Pioneer Oil Company in 1903, by L. 
Wilson & Company of Chicago, Illinois, was carried to a depth 
of 1,025 feet. The surface elevation at the hole is about 1,050 
feet above sea level. 

The strata penetrated are shown by the following section, 
based on the driller’s log: 
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Record of starta in deep drill hole at Frederika. 






































Dm Ls] 
n nN 
Fs = 
= = Miah oA 
= a LORE Shar 
a o Aik, tO 
a A a i=) 
Feet Feet | Feet Feet 
BEBIMLOCONe, -....---.-.---..------ 38 | 38 Ordovician—Continued. 
Devonian and Silurian (112 feet Saint Peter sandstone (52, 
thick; top, 1,012 feet above | feet thick; top, 885 feet 
sea level): above sea level)— 
meeieu DiGi e..s—.. 14 | 52 Sandstone #2.-2c55i222-<= 52 | 717 
mnie. YellOW. 2-5 20 | 72 Prairie du Chien stage (308 | 
Limestone, blue —-__--.---- 81 | 103 feet thick; top, 333 feet | | 
mais Yellow 22-22 22st 47 | 150 above sea level)— | 
Ordovician: enone, brown (Sha- | | 
Maquoketa shale (168 feet C8) ice eee 121 | 838 
thick; top, 900 feet above pre ute (New Rich- | 
sea level)— MONG) oo noose ee 45 | 888 
mnale; ble; 2ac255 foe 85 | 235 NGOEFECOTO La As co eoee Soe] 142 1,025 
Pomestonse) | soo eee 65 | 300 Limestone, brown (One- | 
Shale, blue ~-----_ 16 316 OES) ceca ne en, See eS 1,025 
Galena limestone to Platte-_ | 
ville limestone (349 feet | srt | 
thick; top, 734 feet above 
sea level)— } H 
Limestone, brown ------ 51; 367 | 
Limestone, white ~------ 281 390 } 
Limestone, dark gray--- 90 480 } | 
Limestone i... 2-2 97 577 | | 
Balers 3s Sle oot. 23 600 | 
dimes tone... oo. 25 625 | 
PHIM WING yo ode eee. 82 657 } 
GOMDG fe.) ak 8 665 











Plaanfield—Open and driven wells supply Plainfield (popu- 
lation, 288), which is situated on the terraces of the flood plain 
of Cedar river. 

Readlyn.—At Readlyn (population, 227), wells drilled to a 
depth of 80 to 125 feet enter rock at about 80 feet. Drillers 
report the following succession of deposits: 


Log of wells near Readlyn. 














| ness Depth 

ee is 4 { Feet Feet 
SPMD CLIO WY 2 ae tie Si ce ee eget eae oc ae ew tae ee se | 60 60 
NEW ID) ee ae or in ho eo eee a wena enn Se een | 10 70 


SEIS Is Gat 2k Shes 7 OR a ee ee ee 10 } 80 








Sumner.—The town of Sumner (population, 1,404) is supplied 
by an artesian well 1,770 feet deep, drilled by J. P. Miller & 
Company, of Chicago, in 1902. The well is 10 inches in dia- 


‘meter to 120 feet, 8 inches to 234 feet, 6 inches to bottom; casing 


to 730 feet. The curb is 1,054 feet above sea level and the head 


is 144 feet below curb. Water in the Middle Maquoketa at 260 
24 
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feet rose to 18 feet below curb; the temperature of this water 
was 51° F. Water was also found in the Galena at 420 to 660 
feet, and in the Oneota at 1,086 feet, the lower waters heading 
144 feet below curb. The well yields 200 gallons per minute 
with pump cylinder 204 feet below curb. 

The strata penetrated are indicated by the following section: 


Record of strata in Sumner city well. 


Pleistocene (128 feet thick; top, 1,054 above sea level): 


Sand and gravel, yellow2-25-..-2 (i. 2 2 eee eee 40 
Gravel, coarse; pebbles in sample up to 3 inches diameter_____-_-__--__ 41 
Till, glacial, stony clay, drab; sandy at 90 feet; 7 samples___-___--2)-_-__ 50-120 
Devonian or Silurian (22 feet thick; top, 926 feet above sea level): 
Limestone, largely drab; fine-grained, of Wapsipinicon ‘type_--------- 128 
Limestone, hard, light buff; of rapid effervescence; 2 samples-_-------_- 185-140 
Limestone and shale; limestone, light buff, of rapid effervescence; 
shale, drab; 2 samples#i +2 2) 222 3 ee eee 159-160 
Ordovician: 
Maquoketa shale (220 feet thick; top, 904 feet above sea level)— 
Shale, blue-green, plastic, calcareous; 5 samplés.-._--------=ee eee 170-220 
“Hard rock” in ‘driller’s log ‘at-.22.2-0 eee 230 
Drift, sand and gravelicci2) 22. oleae oe ee 235 


Limestone, light blue-gray; earthy luster, mottled; of rapid ef- 
fervescence in cold dilute HCl, with much chert of same color; 


4 samples .2.225-cccsnsbceen ates a sean ee cee ae oe 250-280 
Limestone, soft, semicrystalline, gray; rapid effervescence; cherty; 
1 sample containing’ crinoid stem; 3 sampléss.2J-_..2--o- ee eee 290-310 
Shale, light blue-green, calcareous; 5 samples-____--_-..--..-------.-._.--_. _ 320-360 
Galena limestone to Platteville limestone (344 feet thick; top, 684 above 
sea level)— 
Limestone, blue-gray; of rapid effervescence; 3 samples-_-_----.-.-----___. 870-390 
Shale, calcareous, drab; 2 samples...-<.. 222 Senne coe ee ee ee 400-410 
Limestone, cream colored, soft; in thin flakés_.22 2 eee 410-420 
Limestone, light and dark gray; soft, earthy luster; rapid effer- 
vescence; 21 samplesiet i222 Sa eae oe ee 430-610 
Limestone, dark blue, highly fossiliferous; 2 samples------------..--_-___ 640-650 
Shale, bright green, plastic, slightly calcareous; 3 samples (prob- 
ably Decorah shale). -2h2 - 225222 o a. soccer eens ene ee eee ee eee ee 660-668 


Limestone, mottled gray, fossiliferous; rapid effervescence; 5 samples 678-710 
Shale, bright green; highly fossiliferous at 710 feet; fragments with 
bits of characteristic fossil brachiopods, ete., occur in almost all 
the. drillings from, De@lOW 22256222 - sasen eee ee ee ee 710-714 
Saint Peter sandstone (66 feet thick; top, 340 feet above sea level)— 
Sandstone, of clean, white, quartz sand; grains well rounded, rather 
fine; at 720 feet some limestone chippings in the drillings; 5 samples 720-770 
Prairie du Chien stage— 
Shakopee dolomite (140 feet thick; top, 274 above sea level)— 
Dolomite, white, gray and light buff; in places cherty, crystalline; 


P@PBAMDICS) Ss nce naa segs ee ee ese res re es el es 780-850 
Dolomite, cream colored; much quartz sand in drillings-------...------ 860 
Dolomite, pink, arenaceous; with minute rounded grains of crystall- 

ine Quartz; 2. sam pleSs 2. =. tos face ns epee ee ee oo ee ge eee 870-880 
Dolomite, Weht buff and pinkish; 8 samplesa..-- sses a= ae ee 890-910 


New Richmond sandstone (40 feet thick; top, 184 feet above sea level)— 
Sandstone and dolomite; drillings chiefly fine grains of quartz sand, 
but with chips of light gray dolomite; 2 samples----.------...--- duttazca.  ~ 920-900 
Sandstone, fine-grained, white; grains well rounded-_-------_.-.__------.- 940 
Sandstones white, and dolomite, fra yasscse tessa seneeee ene eee 950 
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Oneota dolomite (2°0 feet thick; top, 94 feet above sea level)— 
Dolomite, white or light gray; in places saccharoidal, in places 
with white chert; at 980 feet drillings contain considerable sand; 


SEs Rr eyo Vek 9 Bape pce Sa A ee ee See a ee ee ee 960-1, 080 
Sandstone, of white clean quartz, grains well rounded; moder- 
COUR ho Sot ae 4 Ss See ee 2 ees Sa, 5 ee eee ee ee ee eee 1,090 


Dolomite, white and light gray and buff; siliceous residues of finely 
divided quartzose matter; at 1,150 feet finely arenaceous; 3 samples--l, 120-1, 150 
Cambrian: 
Jordan sandstone (120 feet thick; top, 106 feet below sea level)— 
Sandstone, fine-grained, white; grains of clear quartz, well rounded; 


2) SGN ae ON TSI) Baie Mees, 5 A a a od ee NS Se eee ee ee ee 1, 160-1, 170 
Sandstone, as above, but coarser, largest grains 1 millimeter in 

OL AGP Siy cick ay Mae a ies eR aS Ae nl A A ES ee RS en ae 1,180 
aPC CHENG eI LOS) clear alt emg ee EB tte a eS 1, 210 


Indecisive; at 1,286 feet highly calcareous shale, resembling Maquo- 
keta; at 1,230 and 1,240 limestone, clearly Galena or Platteville and 
fallen in the boring; considerable quartz sand may have fallen 
from above but is the only material in samples in which the drill 


AppATeNntLy. COllLG HhaverwiorkeG? 3) samp) ess sess 2o6 ee secs 1, 230-1, 240 
Sandstone, fine, white; Galena or Platteville limestone in the drill- 
RIS Ree SEBEL DNC Sonate etek meres ekas mone a cae sect ann Sanh csebWnn soe saeu oss ese 1, 260-1, 270 


Saint Lawrence formation (460 feet penetrated; top, 226 feet below sea 
level)— 


Dolomite, highly siliceous; minute angular particles of crystalline 


quartz; in places green grains of glauconite; 13 samples-_-___-.-__---- 1, 280-1, 425 
Maa omerecmint sli ently Ca lCare OSs. 2 ess cee deen ot ae heen cae ene 1, 430 
Savicwareen, siichntiy caleareous; 8 Samplés..-----..--.- 1, 440-1, 460 
Shale, green, fossiliferous, practically noncalcareous; minutely 

CSR Ee Teeter SRT] Sis Raa ofl Reve fa 0c Se ei a ae Ae in as ae ne apna A 1, 480-1, 520 
Shale, bright and light green, highly arenaceous; minute grains of 

Ree RUCEme dT AILOOT Ie TOUS ont a eeetr ao Bo. oo ae See i Se eee ees 1, 530-1, 550 
Sandstone, gray, fine-grained; glauconite grains-_-----_-_-------------_.-- 1, 560 
PML OVmUraLer=WOrnetrariienes Ol) Sal Os ssu ast JR ce eek ee en Se 1, 570 
Chiefly rusted chips of iron, from a fallen slush bucket, cut up by ; 

(BTR PSI SUI) 4 ok SEE ee ERE) Peg Bie nee S cn eo Sect Se en A Ee pe a a 1, 580 
LC tree DOTY peta oP AlN Oise 22 face gr a sweeten ae een conn owes cease 1,600 
Shale, dark and bright green; minutely arenaceous and glauconifer- 

“LUG ys TOYS eg IESG Sos Se ES ei De Se Sr te as oe 1, 610-1, 620 
Sandstone, fine-grained; some greenish argillaceous material; dried 

blocks set after pouring from slush bucket are readily friable_----- 1,630 
Shale, light green, finely arenaceous, slightly calcareous, plastic---- 1, 640 


Marl, green, greenish yellow, or greenish gray; highly arenaceous 
with almost impalpable quartz grains; calcareous and argillaceous; 
glauconite present in round dark green grains; some samples easily 
friable when dried, others more clayey and somewhat tenacious; 
TECTIA ST aT S ee Ps Sa RS ge ee eee 1, 660-1, 740 


The water is distributed through 214 miles of mains to 92 


taps and 14 fire hydrants under 50 pounds pressure. 


Tripoli—The town of Tripoli (population, 755) is supplied 
from a well 113 feet deep, said to be capable of furnishing at 


least 70 barrels an hour. Water is distributed from a tank 
‘(eapacity, 2,000 barrels) set on posts 90 feet high. There are 


6,000 feet of mains, 16 fire hydrants, and 50 taps. Most wells 
in the village find water in gravel resting on bedrock. 
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Waverly.—The city of Waverly (population, 3,205) is sup- 
plied by an artesian well 1,720 feet deep, drilled in 1899 by J. 
P. Miller & Company, of Chicago. (See Pl. VII.) The well is 
12 inches in diameter to a depth of 15 feet, 10 inches to 100 
feet, 8 inches to bottom, and is cased to a depth of 100 feet. 
The curb is 930 feet above sea level. The head was not tested, 
but the natural flow is 225 gallons per minute. Water was 
found at a depth of 730 feet (in the Saint Peter), at 840 to 900 
feet (in the Shakopee, first flow), and at 1,120 to 1,200 feet (in 
the Jordan). The temperature is 53° F. 

The strata penetrated are shown by the following table: 


Record of strata in city well at Waverly. 


Devonian (70 feet thick; top, 930 feet above sea level): Feet. 
Limestone, buff; earthy 2 i eee eee 20 
Limestone, Nght buff, earthy ss. sese eee ee se eee eee ee 30 


Limestone, dense, hard, brittle, brownish drab and light buff, of 
finest grain and conchoidal fracture; rapidity of effervescence in 
cold dilute HCl indicated a very slight percentage of magnesium 
earbonate; facies.of Wapsiplnicon limestone... eee 40 
Limestone, as above, with a few chips of flint and some of light 


yellow arenaceous limestoneé..2.=22 0 -o2aeece ee eee eee eee 50 
Limestone, light butf, earthy, rapid effervescence-___---_---__----------____ 60 
Silurian: 
Niagaran dolomite (50 feet thick; top, 860 feet above sea level)—, 
Dolomite or magnesian limestone, gray, earthy luster_-------------_--. 70 
Dolomite or magnesian limestone, in coarse chips, with flakes of 
bluish white subtranslucent cryptocrystalline quartz-_----.------__----_- 80 
Dolomite or magnesian limestone, yellow-gray; in fine sand--------____ 90 
Dolomite, in large chips, gray, earthy luster, with cryptocrystalline 
SUICS © nnn ne nc ae ten eee ee ee 100 
Dolomite or magnesian limestone, soft, blue, subcrystalline--------__-- 110 
Ordovician: 
Maquoketa shale (150 feet thick; top, 810 feet above sea level)— 
Shale, blue; with small nodules of pyrite and fine sand of bluish 
limestoue \chippings) 2s2c.2522.622oe oc ee ee 120 
Limestone, soft, blue, saccharoidal, of brisk effervescence, pyritifer- ‘ 
OUS 25. 0osc cosa cence ae none ametme anes suse eGh abana wee e ee ee ee ee were ee 130 
Shale, calcareous, bluish or greenish; 13 samples-_-----_-_-----------.-.__. 140-260 
Galena limestone to Platteville limestone (420 feet thick; top, 660 feet 
above sea level)— 
Limestone, mottled, light and dark drab. fine saccharoidal, mag- 
NGSiAN? was--ossos see ee ee ee ee eee 270 
Flint, light drab; in large chips; with blue-gray limestone, of rapid 
effervescence <.csi5cc 2 seo coe eee eae oe een Sa Pee eee een ne 280 
Limestone, blue, gray; of rapid effervescence; soft, argillaceous, 
with considerable flint: :3\samplesie-22— anes ee eee eee 290-320 
Limestone, white, light gray and cream colored; in thin flakes; 
rather soft, somewhat argillaceous; luster earthy; effervescence 
rapids) 16,SaM Dp] eS...-.c.0--cnu pene ae eee een ata seen por aenbas «annem es oe 360-590 
Shale, green; with some fine chips of limestone--_-_----------------------- 600 
Limestone, soft, earthy, nonmagnesian,. light gray, fossiliferous----- 610 


Limestone and shale; the latter green; two samples for this depth, 
one of limestone aud one of shale, may represent the interval be- 
tween 610 band c690 £66 tists a ee fe oe cee ee eee 620 
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+ Feet 
a, Shale, green; in angular chips, with some chips of light gray 
; Ure EME SS ET oy ch gis SS De as et Se ee Ce 630 
_ Limestone, soft, earthy; with much green shale; 3 samples--_-.-----.--. 640-660 
_ Shale, green, bright, plastic; rah ds pieces of dried clay cleaned 
Mune nd 1c emsam plese =o eek ek ie ave 670-680 


Peter sandstone (30 feet thick; top, 240 feet above sea level)— 

Sandstone, white, soft; grains of pure quartz, moderately well 
rounded fn teite Pein Ook Or Sara Dleeassss oe solo ee See 690-710 
‘ie du Chien stage— 

sopee dolomite (240 feet thick; top, 210 feet above sea level)— 
Dolomite, gray, cherty; with chips of white saccharoidal sandstone 


# Bee TINC ee Cte 2. BETO Se me eee eae ee ec concen mtnneccwarwecndaaconede TH 
vg Re Dolomite, hard, crystalline, light gray and cream colored; in chips 
Maumemnnch ed uantz) Hand, sysamples- 22,222. - 8 soo see 740-780 


4 _ -Dolomite, light yellow-gray; in chips mingled with much white sand 790-920 
_ (Drillings said to have washed away because of overflow at 840 feet.) 

_ Dolomite, white, crystalline, cherty; with much moderately fine 
MD tama Geno res tra ples senate ene ere eenn nee tee anee 930-940 
RET he meron mrcGlored=.0..lee ne tele ee ee ose ce esc cok 950 
w Richmond sandstone (20 feet thick; top, 30 feet below sea level)— 
Sandstone, white, fine-grained, calcareous cement; in small chips, 
Mithesome pink dolomite and grains of sand--..-....-....-=.-.------..- 960 
Pearomite: liehtveray, cherty, arenaceous...-.-..._._--.....---.-.--...-~--.. 970 
eota dolomite (150 feet thick; top, 50 feet below sea level)— 
Dolomite; mostly in clean sand and chips, vesicular, white, gray, 
nics some enerty, 19. Samples__---_-_.----___--.--._---..------- 2a === =~ 980~1, 120 
mbrian: : 
dan sandstone (110 feet thick; top, 200 feet below sea level)— 
’ Sandstone, white, soft; of clear quartz, grains rounded, general size 
of grain of last sample about 0.5 millimeter in diameter; 3 samples-1, 130-1, 160 
_ Sandstone; drillings apparently consist in part of angular sand of 
light yellow dolomite, effervescing freely in hot HCl. Under the 
microscope it is seen to consist of minute angular grains of limpid 
erystalline quartz with calcareous cement; much of the drillings 


consists of rounded grains of white sand; 2 samples-_---_---_---_------- 1,160-1,170 
Sandstone; quartz, moderately fine and well rounded, with chippings 
ESSE KOT Reh ye Sa el ee eee 1,180 
mumnandstone,, calciferous; 2 samples.___...-_-----.----L__-_---. 2 1, 190-1, 200 
Mmnngatone, fine-prained, wiite__..<.2u.-- 2 s2c6-225.--. 2. a cease -- anes 1,210 
As Sandstone, calciferous; with some flakes of dolomite; 2 samples_-..-- 1, 220-1, 230 
Lawrence formation (480 feet penetrated; top, 310 feet below sea 
“Jevel)— 


Dolomite, highly siliceous; with finely divided quartzose matter of 
angular particles, somewhat arenaceous; with bright green grains 


Elst ECOMLCO ae SSO DCS ee nee toons anraee naps eseaan sane nee ean ea saan 1, 240-1,270 © 
Chert and dolomite and siliceo-calcareous shale-_-_.--_-------------------- 1,280 
Dolomite, highly argillaceous and silMceous___-------.-_.....---.--------- 1, 290 


Dolomite, gray, siliceous; silica in form of minute angular crystall- 
ine particles constituting a large part of the rock; some green 


meerains of glauconite; 5 samples_.-_--__.----—---~----~-.-----------------.-.- 1, 300-1, 340 
_ Shale, bluish green, slightly calcareous; 4 samples-----.---------------- 1, 410-1, 440 
Seshale, pink, buff’and green, noncalcareous._.__.-..-.-_..-..-----—-..---.-- 1, 450 


Shale, blue-green, somewhat indurated, noncalcareous; 8 samples----l, 460-1, 530 
- Sandstone; rather coarse grains, drillings contain clayey admixture 
LOST LUE BCE) Sa ceetenes oa a ot eee ap oe tees aa sane are dtemekinerdnnans, 1, 540-1, 580 
_ Shale of various colors; yellow, a strong, dark green set thickly 
with grains of red; arenaceous, with small, partly rounded quartz 
CULES) Shes ee GE Sa pS CR eS a eer res 1,590 
_ Shale, blue-green; with considerable red shale, probably from above; 
in eee 1, 600-1, 720 
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The water is pumped to a tank with a capacity of 60,000 
gallons, and distributed through eight miles of mains to 52 
hydrants and 350 taps. Domestic pressure is 70 pounds, and 
fire pressure 125 pounds. 

The excellent artesian supply has largely displaced the house 
wells of the town. Wells sunk before its introduction found 
water at varying depths. On the river terrace of Sturtevant’s 
addition driven wells 15 to 20 feet deep were used. On the 
high hills of the first ward wells were sunk through loess and 
drift nearly 100 feet to rock. On the east side of the river a 
former channel of the Cedar is sounded by wells, which on the 
bottom lands of the fourth ward descend between 90 and 100 
feet in river sand throughout, showing that the old rock floor lies 
scores of feet below the present rock-cut channel of the river 
through the town. 

Waverly Junction—At Waverly Junction (population, 80) 
wells range in depth from thirty feet (driven) to 100 feet 
(drilled). Rock is entered at thirty to forty feet below the sur- 
face. 

The following tables give data of typical wells in Breme 


county: 
Typical wells of Bremer county. 

















| 
ue 
| a | [Sf 
2 ae 
a 65 : Remarks 
Owner Location | 2 | S peli (log given in feet) 
q r= ° 
ra) var) Lon 
Q Q go 
o o ©aQ 
A | A | q 
JT. 928 N.,. R. 14 W. | 
(Polk) 
Bi Ps BlaGkes oe ceen | NE. 4 SE. 3 sec. 3_. 75 Cp ee eae i 
M;, Garriers2 22 fae SE. 34 NE. 3 sec. 4_- 139 115 124 | Said to be flowing stream at 
bottom, 
7593 N., Re 18 ow. 
(Douglas) 
J. Neuendorf_-_---__ NE. 3 SE. 3 sec. 2_- 200 300, (eee 
SES Gert: eee ae NE. 4 NW. 3 sec. 3_- 200 170 \-s-—2 
CO. Zwanziger-._-<--- SE. 3 SE. 3 sec. 6-_| 266 200 ecco Blue clay, 200; soft rock and 
shale (Upper Maquoketa), . 
| 60; hard limestone (Middle 
/ Maquoketa) 6. 
Republic Oreamery_. | NW. 3 SW. 3 sec. 9- 180 AIS lawewtaca 
A, Biarmann:._ 2922" SE. 3 SW. 3 sec. 26_ 111 100714. 2 Creek bottom. 
H. Winzenberg------ SW. 4 SW. 3 sec. 27 220 49 |..--..-.| Yellow clay, 30; blue clay, 
19; limestone (Niagaran), 
10: shale (Upper Maouo- 
| | keta), 87; “sandstone” 
| (perhaps sharp yellow sand 
cut from dolomite of Mid- 














dle Maquoketa), 20. 
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Typical wells of Bremer County—Continued 





Owner a Location 


pas DUrEMan.......2-. 


T, 98 N., R. 12 W. 
(Frederika and 
part of Leroy). 


F. Wolfgramm---_-.. 
c. Hi Rimas... 
ho ee 


O. F. Schwem_..---. 


©. E. Falcher__...-. 


Hore « fy eat 


F. McConnell_..-.-.- 
oe) tt as 
F, H. Friedman___.. 
John McQueeny-.---. 


ea penmidts..-<---= 


W. B. Barnes_----- 


By ey CDStET:....2--~- 
T. 93 N., R. 11 W. 
(Sumner and 
part of Leroy). 


P. O’Connell.------. 





- Hammetter 





SW. 3 SE. 3 sec. 17_ 
NW. 4 NW. 3 sec. 35 


BW a a BOCL Oo 2 cco 
ah 4 SW. 3 sec. 6_ 
NW. 3 NE. 3 sec. 8 
NE. 3 NE. 3 sec. 8_- 
SE. 3 NE. 3 sec. 8_- 
NW. 2 NE. 3 see. 9_- 
NW. 34 NW. 3 sec. 16 
SE. 4 SW. 3 sec. 18 
SE. 3 NE. 3 sec. 31. 


NW. i NW. 3 sec. 82 


NW. 3 NE. 3 sec. 22_ 


NW. 3 SE. i sec 1_- 
NW. 3 NE. 3 sec. 3. 
NE. 3 
3 miles NE. Tripoli 
NW. 3 NE. 3 sec. 18. 


NE. 3 sec. 3_- 


NE.34 NW.3 sec. 18) 


NW.3 NW.3 sec. 18 


. 


NE. % sec. 19_-...-- 


NW; 3 NE. 3 sec. 8_ 


SE. 3 SE. 3.sec. 5_- 
SE. .34 SE. 4 sec. 9_- 
NE. 3 NE. 3 sec. 10- 


SW. 34 SW. 3 sec. 14 
NW. 4 NW. 3 sec. 15 
SE. 3 NE. 4.sec. 17- 
SW: 2 sec. :2k-2.-.- 








190 


73 
112 
230 
283 


222 


158 


49 


310 


128 
153 
195 


141 
120 
116 
138 


Depth to rock 


220 








Head above or 
below curb 


| 
i 
| 
| 
| 




















: Remarks 
(log given in feet) 


First rock struck a so0ap- 
stone (shale) at 20; then 6 
of gray rock containing 
water. 


Yellow clay, 12; blue clay, 86 
sand, 5; ends in sand. 
Yellow clay, 10; blue clay, 
24; sand, 16; blue clay, 10; 

rock, 27. 
Upland. Yellow clay, 12; 
blue clay, 63; old ill-smell- 


’ 


ing soil, 20; blue clay, 41; 
rock, 10. 
Upland. Yellow and blue 


clay; struck 25 feet of soft 
jumping clay, 156; water- 
bearing sand to bottom. 

Close to East Wapsipinicon 
bottoms, 

All clay to water-bearing 
gravel at bottom. 

Ends in water-bearing sand; 
yields 10 gallons per minute. 

Divide. Drift, 200; shale (Up- 
per Maquoketa), 60; lime 
Lops (Middle Maquoketa), 


Divide. Drift clays, 135; quick- 
sand (fine dark gray), 60; 
blue clay, 25; soft shale 
(Maquoketa), z. 

Near foot of hill by Mentor 
creek. Blue clay, 96; quick- 
sand and wood, 60; coarse 
gravel and water, 2. 

Water in gravel. 


High prairie. Yellow clay, 15; 


blue clay, 155; limestone, 
140. . 
Blue clay, 194; limestone 
spalls, 1. 


All clay to rock. 
Ends in 6 feet of sand. 


Blue clay, 182; sand, 6. 
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Typical wells in Bremer County—Continued | 








Owner 


Location 





VRB OGN sig, Reed’) Wie 
(Lafayette and part 
of Washington). 


82 Grovers.-. 
Ws Blasie?!--a.coctce 
Hy, oS; Bunth 2222 
O; A. Kingsley-—— 
W...M. .Coltonz.= 

| 

| 
B.)  Bennetiz eee 

{ 
BH. sOhase, 2 
J. H. Bowman--_. 
J << Bogiston=-....- 
M. Bogiston_..22 =. 
Wm: 7 Oo0k?=...22- 


T. 92 N., R. 13 W. 


(Warren). 
LL. Dadage 
J. WilkinSieeeee- 
J. Aleeeck 2 


Job Simmons-_.-----. 
L. Armstrong 
F. Pothast 


F. Lageshulte___--- 
H..S. Hoovers= = 
Bremer Co. Farm_- 
Me Sharpl-.iae ee 
@nas-Gors 22 
W. T. Weideman-_- 


S. Clausing._.---._ 


02 Nie. 12 We 
(Fremont). 
©. F. Davies_..—-- 


Miller 


Aj D. Chapin. <2. 
T. 92 N., R. 11 W. 
(Dayton). 
©. Seehase_-.-.-..-- 


CN SG ll cera 





SE. 3 NE. 3 sec. 3.- 
SW. NE. sec. 4- 
NE. 3 NE. 3 sec. 10- 


NW epee. 1722 | 


SE. 3 NE. 3 sec. 20. 


SE. 3 SW. 3 sec. 20. 


NW. 3 SW. 3 sec. 21 


NOC 20 Rae ene ee 
SE. 3 NE. 3 sec. 81. 
NW. BOC Oe. oe 


SW. 3 SW. 3 sec. 36. 


SW. 3 SE. 3 sec. 4. 


SW. 4 NW. i sec. 5. 
Aa 3 SW. 3 sec. 5. 


SW. 3 SW. 3 sec. 16 


NE. 3 NE. 3 sec. 17. 
SW. 4SW. 3 sec. 18. 
NW. 3 SE. 3 sec. 24 
SE. 3 NW. # sec. 81 
SE. 3 . 
SE. 4 SW. 3 sec. 35. 


SW. 4 NW. 3 sec. 36 


SE. 3 SE. 3 sec. 6_. 


NE. 3 NE. 3 sec. 19_ 
NE. 3 SE. 3 sec. 4_- 


INS 2 8C0: 262.2 5coe 


SE. 3 SW. 3 sec. 8_. 
SW. 4 NW. 3 sec. 14 








ad 

(>) 

° 

he 

° 

~ 

a a 

P v 

a i=7 

o o 

A a 
130 100 
(2) 29 
(?) 130 
80 80 
102 30 
138 70 
130 30 
136 90 
112 60 
112 70 
136 75 

+ 

287 180 





352 210 
200 |aeoesens 
190 185 
1380 105 
130 70 
148 60 
126 ita ences 
120 (2?) 
30 12 
100 100 
89 84 
110 100 
195 190- 
ge ease ans 














Remarks 
(log given in feet) 


Head above or 
below curb 





Bottoms of Cedar river. 

Upland. 

Yellow clay, 15; blue clay, 
65; white limestone. 

On upland. Drift, 30; lMme- 
stone, 25; soapstone, blue, 
soft (Independence shale 
member), 30; limestone, 17. 

Yellow clay, 10; blue clay, 
60; limestone, 44; shale 
gray- (Independence), 10; 
limestone, 14, containing 
water. 

Drift, 30; limestone, 50; lime- 
stone and shale, the latter 
in several beds 4 or 5 feet 
thick (Independence), 40; 
limestone, 10. 


Drift, 75; limestone (Devoni- 
an), 45; shale (Independ- 
ence), 2; limestone, 14. 


Water. lowered on drilling of 
Wixenburg well, 2 miles 
north. 

me in water-bearing gravel. 


0. 
Not much sand in well. 


Drift, 212; limestone, 65; 
shale, 100. 

cD eee Drift, 210; limestone, 5; 
shale 135; sandstone with 
water, 2. 

Loses All in drift. 

—30 

_......, | No shale. 

Bea Re 2 Bottoms of Quarter Section 
Run. Blue clay, 128 feet; 
sand. 

Ps ey Wap Flowing well. 

 geeceee Lowland, about 2% miles 
from an outcrop of Nia- 
garan limestone. 

BU Les No sand worth mentioning; 
water in rock. 

—30 | Yellow clay, 7; blue clay, 93; 


limestone, 10. 


Divide between Wapsipinicon 
river and Buck creek. 

Divide between Buck creek 
and Little Wapsipinicon; 
ends in sand. 
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Typical wells in Bremer County—Continued 
ly Se 
| ee pentce 
: emarks 
Owner Location = op (log given in feet) 
Fo = 08 
= a |) g® 
o o oo 
A A m 
GSA as "Pew. 4 SW..d ged, 26.) > 188 |. Ends in sand. 
i.) Leverton ....... | NE. 3 SW. % sec 25. 150 1467) 22nd Yellow clay, 30; blue clay, 
115; limestone, 5. 
©, _Schwahn.-._..-.. NE. 3 NE. 4 sec. 27. Ends in sand. 
Ree ersch 8 SW. 3 SE. i sec. 28. Ends in sand. 


Wm. Franklin ---_. 
Geo. Watts 


OL 1 


ot N:, B. 18 W. 
(Jefferson and parts 
of Washington 

and Jackson). 


Washington Oream- 
aot le a 
Soldwisah 
pe Christian .. 
Mee SINOt 5 pean 
Chicago Great 
Western Ry. 
Meeeerry) ss... 
Wm. Henning-_---... 


L. Cory 





Wm. Baskins 
Ww. 


Julius Wille 
M. E. Bloeser_----. 


as) Briden_....2.. 
M. Farrington ----. 


wrecce 


UC 


John Dornbush ---- 


PeegLON., k. 12 W. 
(Maxfield). 


MPGHiske. 2-4 


af; Olendorf ..... 
Geo. Knief 


SW. 3 SW. i sec. 
SW. 3 NW. i sec. 


NW. 34 NW. i sec. 33 


SW. 3 SE. 3 sec. 5_. 
NW. 3 NE. 3 sec. 6. 
SW. % SE.3 sec. 7- 
Sw. 4 SW. x sec. 7 


NW. i 
SW. i NE. 3 sec. 8. 


SE. 2 SW. 3 sec. 17. 
NE. 4 SE. 3 sec. 30- 


NW. 4 NW. 3 sec. 2. 


SW. 3% SE. 3 sec. 2_ 
SE. 4 NW. 3 sec. 2- 


NW. 34 S00. 4202 eee 
SE. 


NE. : 
NE. 


NE. 


NE. 3 SE. 3 sec. 35. 


1 mile N. and 1 mile 
W. of Denver. 


3 NE. 3 sec, 26. 
3 SE. 3 sec. 33_.| 


| 
| 


| 


NW. 4 NW. i sec. 1- 


SW. 3 SE. 3 sec. 11- 
SW. SE.% sec. 21. 








150 


95 
80 














Yellow: clay, 
20; blue clay, 126; sand, 2; 
typical of wells in this and 
adjacent sections. ; 

West bank of Wapsipinicon 
valley. 

West bank of Wapsipinicon 
valley. Yellow clay, 40; 
blue clay, 80; hard gray 
limestone, 8. Water at 128. 

All clay ’to water-bearing 
sand at bottom. 


Yellow clay 10; blue clay, 35; 
limestone, 75. 


Blue clay, 156; limestone, 75; 
shale (Maquoketa), 96. 
Well unsuccessful; on an- 





other part of same farm 
water was found in drift 
and at 150 feet. 

High hill. 

Drift, 29; limestone (Devoni- 
an and Silurian), 87: shale 
(Upper Maquoketa), 95; 
sandstone, 3. 

Ends in sand, all blue clay 
above sand. 


Do. 
Blue clay, 210; sand, fine 
gray and black, with some 
wood at 210. 


Loess and yellow till, 22; blue 
clay, 41; limestone, 6y. 

High hill. 

Soft yellow clay, 
clay, 69. 

Drift, 40; rock, 80. 
Yellow clay and gravel, 30; 
sand at 30; blue clay, 80; 
rock,, 12: 
Yellow clay, 
253 


18; blue 


20; blue clay, 
limestone, 60. 


Yellow clay, 20; blue clay, 98, 
to rock. 


A few feet above level of 





flood plain of Crane creek. 
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L'ypical wells in Bremer County—Continued 
fw 
settee 
Eee Lane 
‘ Pe] emarks 
Owner Location ” Se (log given in feet) 
q r=] ° 
J o C= 
2, a 4 
o oa a2 
A A + 
ch RONEL AS ocaesee SW. 4SW. i sec. 27. BOigee2 2 a eee Ends in sand. 
. P. Ottrogge..--. SE. 2 NE. 3 sec. 23_ TOO coe eee ees Do. 
He. W. Meggerhoff-. | NE. 4 SE. 3 sec. 14- of a aes aad Yellow clay, 30; blue clay, 40; 
sand and gravel, 16. 
Jin OSOUINE (ops co5—— NW. i sec. _20------. so) ae i Se —35 | Yellow clay, 13; blue clay, 47. 
HESP OCs ~ ese oe SE. 3 NE. 4 sec. 32- V7 [ee oe —73 | All blue clay to bottom, 
where water was found in 
. sand and gravel. 
TAOl N.., Riokt bays 
(Franklin). 
Bee Bilerle =. eee Sw. 3 SW. Te 240 230 —30 | Drift clays, 200; “yellowish 
| substance between rock and 
clay,’ 30; solid limestone 
with water, 10. 
Wen: ROHTSOne. NE. 4 SW. i sec. 7-- Py sgl Sans —24 | Clay, 200; sand, gray, very 
fine, dry, 70; gravel and 
sand with water, 5. 
G. Vander Walker.. | NW. 4 NE. 3 sec. 19_ 180i see ancchene |) ENGS In gang: 
Orrin Station_-___-_ NE. 4 NE. 3 sec. 13. 123 98 —49 | Yellow clay, 40; blue clay, 
58, to rock; water in rock. 
R. Rundle .....__.-. | NE. 2 SE. 3 sec. 12. 128 100 —30 Clay, 100, to rock; water in 
Shippy and Har- rock, 
WOOO sso NE. 3 NE. 3 see. 12_ 98 0a Se Yellow clay, 50; sand, 10; 
blue clay, 30, to rock. 
Haas Kahler ------- SW. SW. i sec. 1.. 140 0s Leese Yellow clay, 30; sand, 10; 
blue clay 80 to Tock; water 
in rock. 
Wm. Mundt ------- SW. 3 NW. 34sec. 1.) 130 1005) ee Drift clays, 80; gray sand 
with muddy water, 20; 
rock, 30. 
J. T. Nuss ....... | NW. 4 NW. i sec. 1 120 103cib eee Yellow clay, 30; blue Clay, 58; 
sand, 15; limestone, 17. 
Chris. Nieland -..-. | SW. 3 SE. 2 sec. 2_- 112 108:\| eens Yellow’ clay, 30; blue clay, 
78, to rock; water in rock, 
no sand in well. 
T. 91N., RB. 14 W. 
(Parts of Wash- 
ington and Jack- 
son). 
G. W. Bowman.... | NW. 3 NW. 3 sec. 5_ 112 10 eee ae High ground. 
Bowman Bros. .... | SE. 3 NE. 3 sec. 4__ 112 8022s oes ’ 
Geo. Moody ------. | NE. 3 NE. 3 sec. 9__ 136 OO Poe Hill. 
ie Taylor te. o SW. 34 NW. 3 sec. 1l- 90 COA eee 
Geo. Curtis 2252225 Nis se0y dSccaesee 45 CT ee Sand, 20; yellow clay, 25. 
Chicago Great 
Western Ry. (J. 
CRTEY) keen ee WH 3,80, 12-0 so oae 89 600 ete ‘ 
AS MOTER cease NE. 3 SE. 3 sec. 1_- 126 bE 0) a Yellow clay, 25; blue clay, 
65; limestone, 36. 
OaeMic Parber.—- 22. NW. 3 NW. 3 sec. 1- 151 SO sine ae 
Allen Sewall --..--.. | NE. 3 SW. i sec. 21. 126 Oct een 
O. Babcock -....... | NE. 4 NW. 3 sec. 22- 126 100s aes 
Do Leaman. 2..2-—- SE. 3 NW. 3 sec. 28. 70 40) 
School, No: 122 NE. 4 SW. 3 sec. 34. AQ) Soe eo ere ee 














UNDERGROUND WATERS OF THE NORTHEAST DISTRICT 


331 


Typical wells in the Wapsipinicon Valley artesian field, Bremer County. 




















3 qi 
Owner Location 5, 2 
ao oO 
Q ee) 
osN., ke. 11 W. 
(Sumner and part 
of Le Roy). Feet Feet 
W. B. Barnes-_--.... NW. i sec. 18_----_ 156 4 
William Kuker ...... | SW. 4 sec. 81---..-.. 140 —4 
Fran Lease ....... | NE. 2 sec, 18...... LO ge I 
vs. N., i. 12. W. 
(Le Roy). 
Beeerlayman.._...... | SW. % sec. 26... 85 2h 
Louis Testorff -.... | NW. 3 sec. 26_--__-_- 110 12 
John Barbknecht.. | NW. 3 see, 28__--_--- 64 —5 
imercna Gericke ..... | NW. % sec, 18.--..-.- 53 —6 
erence Ab ooo) NWs 4 sees 2T2225.. 16 —9 
F. H. Friedman-.-.. | 3 miles NE. of Tri- 230 2 
poli. 
T. 92 N., R. 11 W. 
(Dayton). 
mamatian’ Bunr cu. SF. 4 see. 18. .22.2..-}.-... 30 
W. O. Gode....... | SE. % sec. 20_-.-. =e OE a 
P. Wynkoff--...-. BN SD UE EL a ee as 75 6 
Mereraufier ca.cn0 | NE. % sec. 29........ IPAN Nem bee 
Robert Watts ...... | SW. 3 sec. 31__------ 103 10 
T. 922 N., R. 12 W. 
(Fremont). 
PGeEOOUKe—. 2.00 “LINE. F se@. Ii. 2 2|o2--) ask 
Si. COOK. ...-.--- Bees hee. Leascc one 120 21 
Ae Countryman_.... | SW. % sec. 1........|_—...... ae ee 
aol oN., BR. 1 W. 
(Franklin). ° 
Peter Watrine .__-.- NW. 3 sec, 27_.--.... 100} 2s 
George Meier _._.... ING St 6eC.cbl= een. nh) ee ee 
Anthony Schmeltzer | SW. % sec. 22_.--... OStieoaenare 
F. H. Schroeder... | SE. 3 sec. 8--------.|------- Pes ioe 
imeury ouhr —....... NIB. 2 BeCy ise =. 92 4 
William Beal ------ SEs + se¢7 17—-5.-2=45 98 | 12 
} 
eee Call. i. SW. 2 sec. 15_..---.. 02h ase eee 
J. W. Rommell.... | NE. 3 71 10 


REO p20 cee onan, 








Remarks 
(logs given in feet) 





Blue clay, 60; fine soft quicksand 
with some wood at _ bottom; 
coarse gravel and water. 

Ends in gravel. 

Overflows. 


Near East Wapstpinicon; diameter, 
44 inches. 

95 feet to rock, has now ceased to 
flow. On East Wapsipinicon. 


Yellow clay, 10, then gravel which 

grew coarser to bottom. 
Ends in sand and gravel. Flows 
10 gallons per minute. 


| Water jetted 15 feet from top of 


83-inch pipe. 


| Yellow clay, 10; sand and gravel, 


30; blue clay, 25; limestone, 10. 


Ten or 12 feet above valley floor. 
Sand, 4; yellow clay, blue clay; 
limestone at 82; water in rock near 
bottom. 


3 
Temperature, 47 degrees F. 


About 10 feet above Wapsipinicon 


| Hillside, 





| Hillside. 


bottoms. Diameter, 5§ inches. 
Temperature, 47.3 degrees F. 
Sand, 8; blue clay, 94; cemented 
gray gravel, 18. 

Hillside. Flows only when Cook’s 
well is shut off. 


Hillslope; has now ceased to flow; 
drilled about 1875. 


20 feet above Wapsipini- 
con bottoms. Diameter, 5 inches; 
drilled in 1903. 

Diameter 2 inches; elevation, 9 feet 
above Wapsipinicon river. Tem- 
perature, 48 degrees F. Loam, 2; 
sand, 28; blue stony clay, 673; 
gravel, 3. . ; 

Well just overflowed. 

Diameter, 5 inches. Temperature, 
49 degrees F. Flow, 2 gallons 
through 3-inch pipe. Yellow sandy 
clay, 20; blue clay, 51; gravel. 
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Typical wells in the Wapsipinicon Valley artesian field, Bremer County— 


Continued. 








Remarks 
(logs given in feet) 





Leopold Leistikow- 


George Rommell_-_- 


H. Leistikow--.---. 


Bi.) Leistikow-.2.2- 


Charles Liebert_-__-_- 
Ma Joy PCr yoo ee 
Grove Hill Cream- 
ery © S2) Ss asee eee 








| NW. 4 sec. 29-.---—- 











NW..3 sec, 92.05 -— 3 





Temperature, 47.3 degrees F. Runs 

_ 80 gallons per minute through 14- 
ene pipe pjugged into square iron 
rod. 

Temperature, 49 dgrees F. Drill 
1% gallons per minute through 3- 
inch pipe. 

Temperature, 49 dergees F. Drill 
lifted when water was struck at 
base of blue till at 113 feet. 

Temperature, 49 degrees F. Now a 
feeble flow. 


Formerly used for carp ponds. 


Slope. 
30 feet above river. Ends in gravel. 
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BUCHANAN COUNTY 





BY MELVIN F. AREY. 





TOPOGRAPHY. 


Topographically Buchanan county does not differ greatly 
from the other parts of the Iowan drift prairie. The inequal- 
ities in its surface are a little more pronounced in the southern 
half than in the northern, for the stream courses trend south- 
ward. 

Wapsipimicon river crosses the county from northwest to 
southeast. Its principal tributaries in the county, the Little 
Wapsipinicon, Otter, Harter, and Pine creeks, enter from the 
northeast. Buffalo creek, which joins the Wapsipinicon in 
Jones county, flows for about 25 miles of its course in the east- 
ern part of Buchanan county. Tributaries of the Maquoketa 
drain almost all of Madison and Fremont townships, in the 
northeast corner; Spring, Lime, and Bear creeks, branches of 
the Cedar, drain the southwest corner. 


GEOLOGY, 


The indurated rocks in Buchanan county are everywhere 
covered by drift, which attains a maximum thickness in section 
4, Buffalo township. Well records indicate that the underlying 
rock surface is very uneven, partly owing to irregularities in 
the orginal deposits and partly to preglacial erosion. 

Over about 190 square miles of the northeastern portion of 


the county the drift rests on Silurian rocks, the Niagaran dolo- 


mite. Calvin, in his report on the geology of Buchanan county, 
describes the Niagaran here as a ‘‘coarse, granular, vesicular 
dolomite, interbedded at certain localities with large quantities 
of chert.’’ In the remaining areas the drift rests on the Wap- 
sipinicon and Cedar Valley limestones (Middle Devonian). 

The Wapsipinicon stage, which underlies an area of about 140 
square miles in the central part of the county, mainly east of 





1Ann. report Geol. Survey, vol. 8, 1897, p. 216. 


334 UNDERGROUND WATER RESOURCES OF IOWA 


Wapsipinicon river, comprises a lower member (Independence 
shale member), consisting of dark shale alternating with beds 
of limestone, and a much thicker and more widespread upper 
member of brecciated limestones. The lower shale member is 
ill defined, but it undoubtedly has an important effect in deter- 
mining the underground water conditions west of the area 
assigned to it on the geologic map. | 

The Cedar Valley limestone, which underlies an area of 
about 240 square miles in the west and southwest portions of 
the county, is in large part soft, earthy, and somewhat porous, 
and on exposure weathers quite readily. The middle beds are 
firmer and carry much less water. 


UNDERGROUND WATER. 
SOURCE. 


The ground-water supplies of Buchanan county are obtained 
from the Buchanan gravel, which lies beneath the alluvial de- 
posits in the stream valeys and forms local upland deposits; 
from the Kansan drift; from the sand, gravel, or broken rock 
underlying the Kansan drift; and from the more or less porous 
beds of the Devonian and Silurian limestones. 

A supply of good water ample to meet all existing demands 
is found in every part of the county, but in some localities 
wells must be sunk to a depth of more than 200 feet. The 
deepest wells are in localities where the drift material is 
deepest. ; 

Forty or fifty years ago all the water needed for use in the 
home or for stock, aside from that afforded by springs and sur- 
face streams, was obtained from dug wells, which, in the valleys 
of many of the larger streams, commonly ended in the Buchanan 
gra\el. The water was plentiful and usually was considered 
wholesome, but was likely to taste of iron, and such wells were 
hable to become polluted with organic matter washed from the 
surface. Fortunately improved drainage facilities have ren- 
dered the supply somewhat uncertain in many places, compelling 
a resort to drilled wells ending in the underlying rock. On the 
open prairie some of the early settlers obtained water by wells 
ending in the upland phase of the Buchanan gravel, or, more 
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commonly, in the pockets or streaks of gravels in the Kansan 

drift. Nearly all of these wells were abandoned long ago. 
The layers of sand, gravel, or broken rock, underlying the 

Kansan drift afford a plentiful supply of excellent water, but 


the water-bearing material is variable. In many places it com- 


prises a bed of sand or gravel from 1 foot to 12 feet thick; in 
others it is a layer of fragmentary rock mingled with geest or 
till. In many wells this layer affords the first water, but when 
the supply obtained is insufficient the driller is compelled to 
continue into the rock, where second or third flows invariably 
give ample supplies. So variable, however, is the reported 
depth to water in rock that it is impossible to refer the source 
of supply to any particular beds. 

In the area immediately underlain by the Niagaran dolomite 
the drift is in many places thin, and most of the wells obtain 
water in the rock. The wells range in depth from 100 to 400 
feet, and the distances in rock have an equally wide range. 


DISTRIBUTION. 


In the SW. % section 1, Washington township, a well 100 feet 
deep ends in gravel just above the rock. Northwest of the 
drift well 112 miles a well 110 feet deep is 30 feet in rock. A 
few rods east of the drift well another 110 feet deep is only 10 
feet in rock. A hundred rods. southeast of this, in Washing- 
ton township, a well 104 feet deep is only 4 feet in rock, and 
another, in Bryan township, a little east of the last, 1s 123 feet 
deep, 23 feet in rock. 

Calvin: reports a well in section 22, Buffalo township, 152 feet 
deep, ending at the rock in a bed of gravel. In 1898 this well 
furnished a constant stream of water 1 inch in diameter; it is 
now reported as no longer flowing. 

In the area in which the drift is immediately underlain by the 
Wapsipinicon limestone wells range in depth from 45 feet (as 
at Independence) to 136 feet. 

_A well in the NE. %4 section 34, Washington township, is 73 
feet deep and is in rock for 70 feet. Rock outcrops in many 
places in a belt 15 to 20 miles long not far from the banks of the 
river and nearly parallel with it. 


1Geology of Buchanan county; Iowa Geol. Survey, vol. 8, 1897, p. 253. 
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In a well in the NE. 4 section 36, Washington township, rock 
was found 20 feet from the surface. The well is 136 feet deep, 
the last 40 feet being chiefly in a gritless clay called ‘‘soap- 
stone’’ by the well driller—undoubtedly the Independence shale 
member of the Wapsipinicon limestone. The well ends in a 
flinty rock—the Niagaran—a good water bearer in all this region. 
In SE. 4 section 36, a well 80 feet deep, 72 feet in rock, ends 
in the ‘‘soapstone,’’ although, of course, the water comes from 
the rock just above it. 

In the area immediately underlain by the Cedar Valley lime- 
stone rock wells range in depth from 85 to 220 feet, and pene- 
trate rock from 5 to 170 feet. North of Wapsipinicon river in 
this area water is obtained in the Buchanan gravel and accurate 
data for rock wells are not available. - k 

In Westburg township, in the SW. 4 sec. 23, a well 220 feet 
deep, 140 feet in rock, must reach nearly if not quite to the In- 
dependence shale member of the Wapsipinicon. In Sumner 
township a well near the center of section 19 is 155 feet deep, 
the last.15 feet being in gravel. Another in the northeast %4 
section 22 is 100 feet deep, the last 20 feet being in 
rock. This well is in the area underlain by the Wapsip- 
inicon. In Homer township two wells are reported. One 
in the north half of section 3 is 85 fet deep, 5 feet being in rock; 
the other in the SW. 14 sec. 23 is 95 feet deep, 15 feet being 
in rock. In Jefferson township, in the NE. 1% sec. 2, a well 220 
feet deep, 170 feet in rock, undoubtedly ends at the top of the 
Independence member of the Wapsipinicon. 


SPRINGS. 


Springs are not very numerous in Buchanan county, and most, 
of those found are seeps from the drift material. In the 
SW. 4 sec. 6, Westburg township, however, on G. W. Young’s 
farm near the border of Spring creek valley, a large fissure 
spring of excellent water emerges at the base of a long, gradual 
slope 75 feet or more high. No rock outcrops in its immediate 
vicinity, but the lower beds of the Cedar Valley limestone are 
exposed in two quarries a mile to the northeast, and it is prob- 
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able that the water comes from a gravel layer just above the In- 
dependence shale member of the Wapsipinicon limestone. 

A large spring of good water is reported within the corporate 
limits of Jesup, on the place of J. D. Land; another is reported 
on the farm of Mrs. Joseph Patten, two miles northeast of 
Jesup. Others are reported at Winthrop, on the land of W. H. 
Eddy, R. L: Wright, R. W. Adams, and Mrs. A. Mulford; and 
at Rowley, on land of Theo. Hirsh and Robert Eldridge. An 
old resident of the county asserts that springs are diminishing 


_in importance throughout the county, many no longer being 


serviceable. 
CITY AND VILLAGE SUPPLIES. 


Independence.—The public well at Independenee (population 
3,017) is on Second Street NW., 525 feet west of the river and 
10 feet above its level. It is really a cluster of driven wells 
supplying a common reservoir from which the water is, pumped. 
The first wells were put down in 1886 and improved in 1906. 

The wells end on the rock at a depth of forty-five feet and ob- 


’ tain water from the Buchanan gravel. When highest the water 


from a depth of.thirty-five feet stands within 8 feet of the sur- 
face; when lowest, within sixteen feet. The strainer is six feet 
long. The temperature of the water taken in August was 50° F. 
and does not vary greatly. A compound duplex waterworks 
pump is used. The maximum yield is 600 gallons per minute, 
and the supply has not perceptibly varied. The water is soft. 
The cost of the wells was $2,000 and of the pumps $6,000. The 
water is used for fire protection and for all general purposes, 
supplying homes, schools, railroads, canning factory and the 
State Hospital for the Insane. The daily average demand is 
400,000 gallons. 

In Rush Park, three-fourths of a mile west of the city well, | 
a well to the Buchanan gravel yields an ample supply of water 
at.a depth of 29 feet. One-half mile west of the Rush Park well 
a well 77 feet deep, 7 feet in rock, obtains an abundance of 
water; less than one-fourth of a mile west of this is another 


vw 
ww 
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well about 112 feet deep, of which 12 feet is in rock. Most of 
the differences in these wells are due to difference in surface 
elevation. 

The possibility of obtaining an artesian water supply at In- 
dependence for the Hospital for the Insane was considered 
some years ago at the request of the State Board of Control, 
and forecast was made by W. H. Norton substantially as fol- 
lows: 

Independence is 921 feet above sea level (Chicago, Rock Is- 
land & Pacific railway track). After -passing the hard hme- . 
stones of the Devonian the drill will pass into the heavily bedded 
Niagaran dolomite, where water will probably be found in chan- 
nels opened by solution and will rise to a level of 25 feet or less 
below the surface. At about 280 feet the drill will enter the 
plastic Maquoketa shale, here probably somewhat more than 200 
feet thick. The Galena dolomite, Decorah shale, and Platteville 
limestone will then be traversed, their aggregate thickness being 
estimated at 350 feet. In these terranes the drill may strike 
water-bearing crevices. The Saint Peter sandstone, recognized 
by its whiteness, should be reached about 850 feet below the sur- 
face or about 70 feet above sea level. The water from this sand- 
stone will not overflow at the surface and will probably not rise 
to the level of the water in the formations above. A well to be 
used for city or institutional supply should be sunk to a total 
depth of about 1,420 feet. Such a well would tap the water veins 
of the Prairie du Chien stage (Shakopee, New Richmond and 
Oneota) and the Jordan sandstone. The drill should not go below 
the beginning of the glauconiferous shales underlying the Jor- 
dan except on expert advice. These deeper waters will also fail 
to reach the surface. As in all this part of Iowa, artesian water 
at Independence will be of good quality. 

A flowing well situated on a slope in the NE. 4 see. 1, Jef- 
ferson township, six and one-half miles southwest of Independ- 
ence, owned by J. E. Cook and R. E. Leach of Independence, 
was drilled in 1897. It is six inches in diameter throughout and 
enters rock, but neither the depth to rock nor the total depth 
could be ascertained. The water rises two and one-half feet . 
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above the surface. A decrease in the supply is attributed to 
bad easing. The water is used for all farm purposes. 

Jesup.—The public well of Jesup (population, 697), is 312 
feet deep, but the depth in rock is not known. The water is 
abundant and of good quality. 

Winthrop.—The well owned by the village of Winthrop (pop- 
ulation, 529) starts 100 feet above the level of Buffalo creek. It 
is eight inches in diameter at the top, five inches at the bot- 
tom, and is 400 feet deep, entering the rock at the depth of 
193 feet. The water bed is in rock, undoubtedly the Niagaran 
dolomite. Water was also found at the top of the rock and at 
260 feet. The casing is 8 inches for 198 feet and 5 inches for 
61 feet. Water stands constantly at 120 feet from the surface 
and is pumped by a gasoline engine at the maximum rate of 
30 gallons a minute. The supply has not diminished. The well 
cost $600 and the pump $200. The water is used for all domestic 
purposes. 





CHICKASAW COUNTY 


BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 

The surface of Chickasaw county is part of the Iowan drift 
plain, which is well drained when compared with the areas cov- 
ered with the younger Wisconsin drift and but slightly dissected 
when compared with the areas where the older Kansan drift 
hes at the surface. Numerous small streams cross the county, 
flowing southeastward in more or less parallel courses. 

Over most of the county the deposits of glacial drift form a 
mantle 100 to 200 feet thick. In some places it is still thicker 
and in others, as along Cedar and Little Cedar rivers in Chick- 
asaw and Bradford townships and along Little Turkey river in 
Utica township, where postglacial erosion has been effective, it 
is entirely lacking. The bedrock consists of limestone, prob- 
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ably all of Devonian age. Its surface, as shown by well sec- 
tions, is irregular—not unlike the rugged rock surface found 
farther east in the state, where the glacial drift is absent. 


UNDERGROUND WATER. 
SOURCE, 


The water supply is derived from alluvial and outwash de- 
posits, from glacial drift, from Devonian limestone, and from 
older limestones—probably Niagaran or those belonging to the 
Maquoketa shale. Water could also be obtained from still 
deeper formations of limestone and sandstone. 

The alluvial and ancient outwash gravels are found at the 
surface, chiefly in the valleys. As they commonly occur in low 
areas and rest upon impervious clays, they are usually sat- 
urated with water which they surrender freely to very shallow 
wells and hence are utilized largely. 

Most of the wells in the county obtain water from the glacial 
drift—either from the upper layer, which is loosely aggregated 
and somewhat pervious, or from deeper sand and gravel beds 
which are in fact alluvial and outwash deposits that have been 
buried beneath bowlder clay. Many wells also penetrate the 
limestone, the ratio between the number of drift wells and rock 
wells in different localities varying with the thickness of the 
drift cover. | 

The wells in Chickasaw county may be grouped in four classes 
—driven wells, open wells, drilled drift wells and drilled ‘rock 
wells. A well of the first class consists merely of an iron pipe 
with a sand point driven (usually by hand) to a depth seldom 
exceeding 25 feet into sand and gravel where these materials lie 
at or near the surface. Such wells are very inexpensive and 
‘they furnish much of the supply in the villages located near 
streams where alluvial and outwash deposits are best developed. 
Shallow open wells were the principal reliance of the early set- 
tlers, but they have generally proven unsatisfactory, both as 
to quantity and quality of water, and have been largely aban- 
doned for deeper wells. Most of the drilled wells derive their 
water from sand or gravel in the glacial drift. If the sand is 
fine it tends to come into the well with the water, in which event it 
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should be cased out and drilling should be continued. In all 
parts of the county some wells extend into the limestone where 
large and permanent yields of good water re obtained.. Ex- 
perience shows that it is poor economy to stop the drill before 
limestone is reached unless the supply coming from the drift 
is entirely satisfactory. In depth the drilled wells range from 
about 50 to 330 feet. Their average depth is perhaps between 
125 and 150 feet. 

_ In many of the rock wells and deep drift wells the water rises 
nearly to the surface, and where the altitude is especially low 
may overflow. An example is afforded by a well on the farm 
of D. W. Lowry, a mile north of Fredericksburg. This well is 
94 feet deep, ends in sand, originally had a head of more than 
15 feet, and at present flows about three gallons a minute. 


SPRINGS. 


Springs are found along the principal streams, especially 
where the latter have cut through to limestone. In general, 
however, the county is a level prairie without springs of any 
consequence. 

CITY AND VILLAGE SUPPLIES. 


Fredericksburg.—tThe village well at Fredericksburg (popula- 
tion, 588) is 271 feet deep, the last ten feet of which are in lime- 
stone. Its diameter is six inches at the top and four inches at 
the bottom, and the casing extends to rock. The water stands 
six feet below the surface, or about 1,070 feet above sea level. 
The water is pumped to an elevated tank connected to a short 
system of mains and is used chiefly for fire protection. 

Nashua.—At Nashua (population, 1,102) the supply for the 
public waterworks is taken from Cedar river and is pumped by 
water power. The system comprises 2 miles of mains, 29 fire 
hydrants and 162 taps. 

New Hampton.—The city well at New Hampton (population, 
2,275) is 235 feet deep, the last 100 feet being in limestone. (See 
Pl. V.) The well is ten inches in diameter at the top and eight 
‘inches at the bottom, and it is cased to rock. The water is hard 
but otherwise of excellent quality and stands forty feet below 
the surface, or 1,140 feet above sea level. The well is pumped 


342 UNDERGROUND WATER RESOURCES OF IOWA 


at about thirty-five gallons a minute and is reported to have 
been tested at 125 gallons. The water is raised into an elevated 
tank from which jt is distributed through two and one-fourth 
miles of mains to 22 fire hydrants and 198 taps. The daily con- 
sumption is estimated to be only 12,000 gallons, although about 
500 people, or one-fifth of the population, are reported to be 
supplied and the water is also used in the locomotives of the 
Chicago Great Western Railway. 

According to W, H. Norton, a deep well at New Hampton 
would probably obtain a moderate amount of water from the 
Saint Peter sandstone, which here lies about 750 feet below the 
surface, and from overlying limestones. A more bountiful isup- 
ply, however, would be obtained by sinking the well to a depth 
of 1,250 or 1,350 feet, at which depth the shales of the Saint 
Lawrence formation should be reached, beyond which drilling 
will be unprofitable. Owing to the high elevation of the town 
(1,159 feet above sea level) a flow need not be expected. 


CLAYTON COUNTY 


BY W. H. NORTON. 


TOPOGRAPHY. 


Like other counties of the extreme northeastern part of Iowa, 
Clayton county comprises many geologic formations and has a 
diversified topography. Measured from the highest divides to 
the flood plain of the Mississippi, the maximum relief is 650 
feet. The massive ridge that divides the valleys of Turkey and 
Yellow rivers attains an elevation of 1,185 feet between Luana 
and Monona. The prominent secondary ridge which extends 
southward between Turkey and Mississippi rivers gradually 
declines in height from 1,160 feet above sea level near National 
to 1,060 feet at Garnavillo, and to 1,000 feet west of Guttenberg. 
The wedge-shaped ridge dividing the Turkey from its affluent, 
the Volga, reaches a height of 1,250 feet above sea level. South 
of the Volga the upland reaches the same elevation. 
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The upland south of the Volga is: deeply dissected as far west 
ag Strawberry Point and Edgewood, where it. passes into un- 
dulating prairie. Here, in the southwest portion of the county, 
lies an area of Iowan drift in strong topographic contrast to the 
remainder of the county. Old valleys have been filled and the 
surface has been molded to gentle constructional sags and swells. 


The topography of the remainder of the county is due to 
long-continued and deep erosion. The northern townships and 
a belt about eight miles wide along Mississippi river are in- 
eluded in the driftless area. But outside the small area of Iowan 
drift the older drift forms little more than a veneer and its topo- 
graphic influence is generally quite negligible. The topography 
of the entire county outside of the Iowan drift plain, therefore, 
is that of the driftless area. The ancient base plain of erosion 
to which this area had been reduced has been uplifted to more 
than 1,000 feet above sea level. It has been deeply dissected 
by its master streams and their numerous tributaries. Nowhere 
are tabular areas of any width left on the divides as remnants 
of the ancient erosion level. The flanks of the broad interstream 
areas have been carved to a maze of deep branching and re- 
branching spurs. The summits have been worn to broad-shoul- 
dered, gently rounding crests, which have been utilized as the 
sites of towns and villages and followed by the railways and the 
more important roads. On these ridges ground water neces- 
sarily stands far below the surface, as it is held only by fric- 
tion and capillarity above the drainage levels of the adjacent 
valleys. Wells are deep and windmills are everywhere. — 


GEOLOGY. 


The Pleistocene deposits comprise the loess, the Iowan drift, 
the Kansan drift, which extends over a large portion of the coun- 
ty, and the blue-black Nebraskan drift, the first deposit of the 
ice sheets that invaded Iowa. The loess is a fine yellow silt or 
dust deposit, which mantles the driftless area and the Kansan 
drift with a maximum observed thickness of about twenty feet. 
Well records seem to indicate that the loess has a thickness con- 
siderably greater than twenty feet in places, but it can seldom 
be discriminated from other Pleistocene deposits.. The drift 
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rests on residual deposits derived by long pre-glacial weather- 
ing of the rocks. Where that rock was limestone the deposits 
consist of red cherty clay; where it was Maquoketa shale the 
residual material is clay or ‘‘soapstone’’ differing little in com- 
position from the original shale but softer and reddened by the 
oxidation of its iron constituents. 

The Niagaran, the youngest of the rock formations in Clayton 
county (Pl. V) , is everywhere a buff dolomite, as a rule cherty 
and heavily bedded, cutting under the drill to a sharp limestone 
sand. Like other dolomites of the county it is liable to be called ° 
‘‘sand rock’’ by the driller, but the cuttings are readily dis- 
tinguished from the rounded quartz grains of true sandstone by 
their form and by their brisk effervescence in hot concentrated 
hydrochloric acid. 

The Maquoketa, a variable formation, including ne shales 
90 to 100 feet, cherty dolomite beds 30 feet, and basal shales 
and impure limestones 60 to 180 feet thick, lies beneath the 
Niagaran. .The shaly beds are known as mud rock or soapstone 
by many of the drillers, or, where somewhat harder, as slate. 
The Maquoketa forms the bedrock over the uplands of Garna- 
villo Ridge and of Monona Ridge west of Girard township. In 
many sections the limestones are dark and more or less ar- 
gillaceous. 

The Maquoketa shale rests on the Galena limestone, the term 
as here used including the entire body of limestone lying between 
the Maquoketa and the Decorah shale, which, however, may be 
locally absent. Beneath the Decorah is the Platteville, consist- 
ing of limestone with a shale bed at its base. The Galena lime- 
stone has been changed in whole or in part into dolomite. The 
thickness of the dolomitized portion may reach 200 feet, but the 
depth to which dolomitization has extended varies greatly. 
Where dolomitized, the rock is hard, buff, and vesicular, cut- 
ting under the drill to yellow sparkling sand or brown- 
ish crystalline sand; where undolomitized both the Galena and 
the Platteville comprise commonly light colored rather soft lime- 
stones that are broken by the drill to flaky chips. The total 
thickness of the Galena, Decorah and Platteville at Elkader 


UNDERGROUND WATERS OF THE NORTHEAST DISTRICT 345 


measures 285 feet. .The combined thickness of the Decorah and 
Platteville is fifty to sixty feet. The three formations constitute 
the bedrock over a large part of the upland of the county. 


Drillers distinguish as ‘‘oil rock’’ a brown petroliferous shale 
which is found in many places by the drill and which outcrops 
near the base of the Platteville; occasionally they report an oily 
scum in the water when the drill is working in this shale. 

The Platteville is underlain by the Saint Peter sandstone, a 
white rock made up of rounded grains of pure quartz, so little 
cemented that where quarried in the county for glass sand it is 
readily broken up by the pick and a stream of water from the 
hose. Even at Pictured Rocks, below McGregor, where the sand 
is highly colored and partly cemented by films of the iron oxides 
deposited by ground water on the grains, the stone is so friable 
that it is difficult to obtain specimens of any size. The observed 
thickness of the sandstone in the county ranges from forty to 
eighty-five feet. The Saint Peter is not always recognized by 
the drillers. Thus it is said to be absent in the narrow wedge- 
_ shaped tongue of upland separating the Turkey from the Missis- 
sippi near their junction; at a depth corresponding to the hori- 
zon of the Saint Peter, however, there is reported a ‘‘river 
sand,’’ which may be assumed to be the upper layers of the 
Saint Peter; it underlies a shale, which is probably the basal 
shale of the Platteville. 

Next below the Saint Peter is the Prairie du Chien stage, 
comprising the strata formerly known as the Lower Magnesian 
limestone, and consisting of an upper dolomite (Shakopee), an 
intermediate sandstone (New Richmond), and a basal dolomite 
-(Oneota). The total observed thickness measures 230 feet. It 
outcrops only north of Guttenberg along the Mississippi bluffs 
and for four miles or less up the valleys of the tributary creeks. 
The dolomites of the Prairie du Chien stage are hard, light gray 
or white, and in many places are cut by the drill into fine sharp 
limestone sand. They may be distinguished by the driller by 
their lithologic character and also by their position between the 
Saint Peter and the Jordan sandstones. The New Richmond 
sandstone is inconstant, but quartz sand is not uncommon in the 
dolomite, either as interbedded layers or as disseminated grains. 


346 UNDERGROUND WATER RESOURCES OF IOWA 


The Jordan sandstone, the lowest rock outcropping in the 
county, is made up of pure quartz and is generally of coarse 
grain. In some layers the grains are firmly cemented with lime 
carbonate; in others they are incoherent and show little intersti- 
tial matter. At McGregor the Jordan is so soft as to be readily 
excavated with the spade for cellars and vaults in the hillsides. 
Here it rises 70 feet above the level of Mississippi river, though 
two miles below the city it sinks from sight below the flood plains 
of the stream. It outcrops only along the bases of the river 
bluffs in the northeastern townships, but it underlies the entire 
county and the waters stored in its pervious layers are accessible 
to the drill. 


UNDERGROUND WATER. 
SOURCES. 


Gravels at the base of the loess locally yield sufficient water for 
house supply. Gravels lying between the Kansan and Nebraskan 
tills and probably at other horizons furnish a supply on the 
prairie areas of the southwestern part of the county, but are little 
drawn upon elsewhere. In an area of especially thick drift 
stretching from the southwestern part of Grand Meadow town- 
ship northeastward nearly to Postville many wells less than 100 
feet deep draw water from drift gravels lying beneath 25 or 30 
feet of yellow clay (loess and oxidized Kansan) and then pass 
into blue till (either unoxidized Kansan or Nebraskan), beneath 
which sands and gravel are again found on rock, or water is 
found in broken limestone or residual flints beneath heavy drift. 

About 160 feet of the lower portion of the Niagaran outcrops 
in the southern townships of the county and on the ridge sep- 
arating the Volga from Turkey river. In this area water is: 
found above the impervious shales of the underlying Maquoketa. 
On the more level ground of the Iowan plain the entire body of 
limestone may be saturated with water and yield a good supply 
to wells that enter the rock a few feet. Thus at Strawberry 
Point the city supply is obtained from wells drilled only 35 feet 
into. the Niagaran dolomite... Here, as in many places in the 
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southwestern part of the county, the porous and ereviced lime- 
stone forms a reservoir in which waters descending from the 
heavy overlying drift have accumulated. 

Outside the dissected area covered by the Kansan drift the 
Niagaran forms escarpments on the summits of the ridges and 
is drained out for a considerable distance back of these outcrops. 

The limestone beds in the Maquoketa furnish an important 
water supply to villages and farms located on the outcrops of 
the formation. The water held in the median limestones of the 
Maquoketa between the upper and lower shales of that forma- 
tion is under good head, at National rising within 40 feet of 
the curb. 

The Galena and Platteville limestones hold large stores of 
water in crevices and porous beds, the chief horizons being just 
above the Decorah shale and above the basal shale of the Platte- 
ville. They are utilized by many farm wells in the areas of their 
outcrops and they form a very important supply on uplands cap- 
ped with the Maquoketa shale or Niagaran dolomite. At Farm- 
ersburg water from the Galena rises within 40 feet of the sur- 
face. : 

The head of the water in the Galena, Maquoketa and Niagaran 
is considerably higher than that in the-underlying Saint Peter, 
so that as the drill enters the Saint Peter the upper waters often 
flow through it, and the water in the tube falls. Although the 
Saint Peter water may not stand high in the well, the supply is 
copious, permanent, and of excellent quality and is assured to 
any well in any part of the county which reaches its level. 

The Saint Peter sandstone is the lowest formation reached 
by wells. It is utilized in the northern townships, in the town- 
ships adjacent to Mississippi river, and even in the western and 
central townships as far south as Highland and Cox Creek town- 
ships. The dip of the strata carries the sandstone increasingly 
deeper south and west from its outcrops along the Mississippi, 
so that on the ridges of the western part of the county between 
Turkey and Volga rivers it is entered by wells at depths of about 
600 feet. 

The waters in the underlying Jordan have not yet been tapped 
in Clayton county. They are, however, everywhere accessible. 
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FLOWING WELLS. 


In the valley of Turkey river, from Elkader down to Motor, 
wells sunk into the Saint Peter sandstone obtain flowing water. 
At the fair grounds at Elkader the Saint Peter is reached about 
110 feet below the water level of Turkey river, or about 610 feet 
above sea level; at the James Russell estate farm (section 26, 
Boardman township) it was reached about 100 feet below the 
river level; and at Fritz Freitag’s, still farther down the valley, 
at about the same depth. At Motor, four miles in straight line 
southeast of Elkader, the Saint Peter is 155 feet below the river, 
or approximately 525 feet above sea level. The head of water, 
from 40 to 60 feet above the river, encourages drilling at other 
points in the area. Statistics of these wells are given in the 
appended table: 


Statistics of flowing wells in the Turney River Valley. 
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If the head of the Saint Peter water is the same up valley 
as at Elkader flowing wells should be obtained at water level in 
the river as far as the south line of section 22, Marion township. 
As the head should increase somewhat upstream. wells in the 
Saint Peter may yield flows as far even as the Fayette county 
line. Down the valley from Elkader flows can probably be ob- 
tained from the Saint Peter at very moderate depths along the 
entire valley to its mouth. The large number of springs, the: 
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use of open and driven wells tapping alluvial sands and gravels, 
- and the use for stock of the never-failing water of the spring-fed 
river no doubt have prevented the exploration of the deeper 
water beds; but the Saint Peter sandstone, with its inexhaustible 
supplies, should be found within 200 feet below the valley floor 
at any point from Elkader to the Mississippi. 


It is highly probable that in the valley of the Volga flows from 
the Saint Peter can be obtained from Osborne to.the mouth 
of the stream. The exact depth can not be definitely predicted, 
as the depth to the Saint Peter is variable, and local changes or 
reversals of the dip are hidden from view. The data for pre- 
diction include an assumed uniform southwestward dip, the 
elevation of the summit of the Saint Peter at Clayton, at 776 
feet above sea level, and the elevation of the same horizon at 
about 600 feet above sea level 14 miles west-southwest of Clay- 
ton; these give a dip of about 12.5 feet to the mile. If the same 
line be extended 10 miles west-southwest from Elkader to the 
Volga at the mouth of Deep creek, the elevation of the sum- 
mit of the Saint Peter at the latter point is found to be 125 
feet lower than at Elkader, or 475 feet above sea level. As the 
level of the river is here 800 feet above sea level, the Saint Peter 
would be found about 325 feet below the surface. If the water 
of this sandstone had no higher head on the Volga than at 
Hlkader, it would fall short of reaching the surface by about 
40 feet. The fact that the head of the Saint Peter waters in- 
creases westward gives ground for hope that as far up valley 
as Volga flowing wells may be obtained. Taking a similar sec- 
tion from Clayton to Motor and using the data to calculate 
the water prospects in the Volga valley at Mederville, where the 
ievel of the river is 710 feet above sea level, the Saint Peter 
should be encountered at 485 feet above sea level, or 225 feet 
beneath the stream level. The head above the river here should 
be equal to that at Elkader. 


SPRINGS. 


The springs of Clayton county are exceptionally numerous 
and large, and come from several well-marked geologic horizons. 
The Saint Peter, exposed in a narrow strip along the bluffs 
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of the Mississippi from Guttenberg north, gives rise to oozes 
and springs where its edges outcrop. The largest springs of the 
county issue from the base of the Galena limestone. The lime- 
stone is creviced and even cavernous; definite channels have been 
formed by solution by ground water moving down the dip, along 
the floor of the impervious Decorah shale, to outlets along the 
valley sides. The same sequence of soluble limestone and under- 
lying shale gives rise to the springs of the limestones of the 
Middle Maquoketa and those at the base of the Niagaran. Where, 
as is often the case, these formations are cut by valleys above 
their bases, these underground streams issue high above the 
bottom lands in lateral ravines and can be led down to village 
or farm under considerable head, with power adequate for many 
utilities. Springs are thus found along the entire course of the 
Mississippi and along the principal creeks whose valleys have 
been cut in rock. 


CITY AND VILLAGE SUPPLIES. 


Clayton.—The village of Clayton (population, 145) utilizes 
two springs issuing from limestone about 75 feet above the 
ievel of Mississippi river, leading the water through one-half 
mile of mains down the principal street. There are six hydrants 
from which most-of the houses obtain their supply. — 

Elkader.—The water supply of Elkader (population, 1,181) is 
drawn from two flowing wells, 182 and 184 feet deep, 25 feet 
apart, situated on the bank of Turkey river. They pump 500 gal- 
lons a minute. A reservoir nearly 300 feet above the town af- 
fords ample pressure. There are two miles of mains, 28 hydrants 
and 200 taps. 

If for any reason the city supply should become insufficient — 
it may be greatly increased by drilling to the top of the Saint 
Lawrence formation, which here should be found 600 or 700 feet 
below the surface at the city water works. 

Guttenberg.—The water supply of Guttenberg (population, 
1,873) is obtained from a dug well on the bank of Mississippi 
river. The water is liable to be contaminated by sewage, which 
passes readily downward through the sandy alluvium of the river 
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terrace on which the town is built. Water is pumped to a reser- 
voir, giving a gravity pressure of 105 pounds. There are 36 
hydrants and four miles of mains. 

The elevation at the corner of Herder and First streets is 630 
feet above sea level, and an artesian supply might readily be ob- 
tained by drilling a well to the Jordan sandstone. The summit 
of the Saint Peter outcrops near the town at the base of the 
bluffs bordering the Mississippi. The thickness of the Saint 
Peter is variable, but a maximum of 85 feet may be assumed. 
The Prairie du Chien stage, which underlies it, is probably at 
least 230 feet thick—the maximum thickness where it is exposed 
along the river bluffs in this vicinity. At 315 feet from the sur- 
face the Jordan sandstone should be struck; a well 500 feet deep 
should draw the available water from this horizon. 

As the town is situated well out over an ancient channel of 
the Mississippi, the drill will first pierce 100 or 150 feet of river 
sands and gravels. The Saint Peter sandstone will therefore be 
eut out, and the bed in which the water-tight casing should be 
securely packed will be the Shakopee dolomite. If shaly beds 
in the Prairie du Chien are competent to form a cover for the 
Jordan sandstone the well should flow under moderate pres- 
sure. 

If a well to the Jordan sandstone should not yield sufficient 
water by natural flow the supply might be increased by install- 
ing an air lift, by sinking other wells to the Jordan, or by deep- 
ening the well to the Dresbach or underlying Cambrian sand- 
stones and tapping the water horizons which supply the Mc- 
Gregor wells. 

McGregor—The water supply of McGregor (population, 
1,259) is drawn from a well 502 feet deep. Water is pumped 
to a reservoir affording a pressure of 110 pounds. There are 
24 hydrants and two miles of mains. 

The first artesian well at McGregor was drilled at the head of 
Main street, about 60 feet above the lower part of the town, 
where the deep wells were afterward sunk. The water reached 
the surface but did not overflow. The well was about 500 feet 
deep and ended in sandstone. 
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City well No. 2 (Pl. V), completed in 1877, is situated in the 
City Park and supplies one of the finest fountains in the state. 
This well is 1,006 feet deep, six to three inches in diameter, and 
is eased with four-inch copper to a depth of 40 feet. The curb 
is 632 feet above sea level; the water rises 62 feet above curb. 
The flow is 630 gallons a minute. Water was found at a depth 
of 317 feet and in all sandstone beds below to the bottom of the 
well. At a depth of 520 feet salt water was found in four 
feet of white sandstone. The temperature of the water is 54.5° F. 

City well No. 3, completed in 1890, is not now used. This 
well is 520 feet deep and 6 inches in diameter; 3-inch easing ex- 

tends to 215 feet and is packed at the base with rubber gasket. 
The curb is 618 feet above sea level, and water originally rose 
20 feet above curb. In 1895 the head was below curb. Water 
comes from a depth of 303 feet. Its temperature is 52° F. 

The log of this well shows sandstone with white rolled grains 
at 250 feet, dolomite from 400 to 415 feet, and white sandstone 
with well-rounded grains from 450 to 520 feet. 

City well No. 4, put down in 1898 by S. Swanson of Minne- 
apolis, is 502 feet deep and 12 to 8 inches in diameter; 12-inch 
casing extends to 70 feet and 9-inch casing to 200 feet. The 
curb is about 618 feet above sea level. Water originally rose 
a foot above the curb, but six months later it stood below the 
curb. The tested capacity shows that it is sufficient for the 
city. 

No records of the wells at McGregor are available except 
that afforded: by a few samples described below from cursory 
examination. 

Description of samples from city well No. 4 at McGregor. 
Depth in feet 


GTA VOI | nica snc sos came Ee ped ee ne 85 
Sand, yellow, and gravel of pre-Cambrian rocks.--.------------------------------ 50 
sandstone, fine-grained, yellow ©....202-2 <2) ee eee 60 
Sandstone; as above, but. coarser (225s ean mes ees ee se en ee 0 
Dolomite, dark bluish, drab and lighter drab, crystalline-------.---.---.--.. | The 97 
Sandstone, yellow; with yellow dolomitic powder---.-..-.---...---------.-----.- 95 
Dolomite, bluish drab, arenaceous; in angular flakes and in sand-_--.------. 97-143 
Shale, Wight blue. <n 5 a Se ao eae as certo a eee il reco 143-158 
Sandstone, calciferous, or dolomite, arenaceous, light gray-------------------. 160 
Shae, fine, ereenish. 2222-222 5520.- oe a ee eee eed tee eee 158-220 
Stale; US RC y TCC Te acre ete ee er Ogre re ee ne 185 


Sandstone, light gray, medium coarse; grains well rounded, far from 
uniform >in (SiZe so 8 sa a banda concn ae bata e eee ee ane a a ee eee eee 805 
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Sandstone, pure white, medium coarse; grains well rounded, similar in 


SES GEG SSS QP aeils Nene SE cee SE SS Eee ae a a ae ~ 850 
Mite as apove Dut) fine-srained-.....- 1250 25.-2 5.222. 400 
ESIGN RRO) oa I Se a ee i ee eee a a ee ae oy eee eee 415 
SPmeenoiient pray, calciferous, very fine--.-----—----.-._._.__..-.--L...---. 444 


J. Goedert’s well at McGregor has a depth of 294 feet and a 
diameter of six inches. The curb is 622 feet above sea level 
and the original head was 22 feet above curb. The well was 
completed in 1889. 

The following carefully kept record of one of the early deep 
wells at Prairie du Chien, Wisconsin, illustrates the geologic 
section at McGregor. This record: has been modified by assign- 
ing the lithologic subdivisions given in the log as originally 
published to the appropriate geologic subdivisions, and by add- 
ing a column showing the depth, in feet, to the bottom of each 
lithologic unit. The lithologic descriptions have also been trans- 
posed, to accord with present survey practice. Another well 
at Prairie du Chien was sunk to a depth of 1,040 feet without 
reaching crystalline rocks. 


Strata in well at Prairie du Chien, Wisconsin. 
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Monona.—tThe water supply of Monona (population, 792) is 
furnished by two deep wells and a spring. The wells are owned 


Wisconsin Geol. Survey, vol. 4, p. 61. 
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by F. L. Wellman, are twenty-seven feet apart, are under one 
roof, and supply the Chicago, Milwaukee & St. Paul Railway 
as well as the town. They were completed in 1885. One is 437 
feet deep and the other is 448 feet. The wells are six inches in 
diameter and are cased for twenty feet. The curb is 1,216 feet 
above sea level and the head 226 feet below the curb. The com- 
bined capacity is 70 gallons a minute. The temperature is 51° F. 
The water is lowered full depth by continuous pumping. 

The water is pumped to a tank affording a pressure of 40 
pounds, which is considered insufficient by the town officials. 
There are three miles of mains, 100 taps, and six hydrants. 

North McGregor.—An artesian well, 585 feet deep, belonging 
to the town of North McGregor (population, 588), is used for 
fire protection. 

The well is six inches in diameter and is cased 180 feet to 
rock; the original head was about 17 feet above the curb. The 
temperature is 52° F. In 1904 the flow ceased, but was restored 
with head of ten feet by recasing. 

Se ee 

Driller’s log of North McGregor city well. 
Depth in At 


Dolomite, reddish (.c-ccin. cc ccsetk eens hn se eee eben eee ee ee ee 0 
Sandstones, white <.-.22-4.<2550 2 sesed donee oa ee ee 350 
Sandstone, grayish white <-.-22-2---s2-22--22 225-0 oo eee ee ee ee 392 


Sandstone, white, pure, medium coarse; rolled grains of similar facies 
to Saint Peter 2.2225. 0222s ee ee 
Sandstone, white, fine-grained = <222. 2282-2 - Sao rees e 423 


Strawberry Point.—The water supply for Strawberry Point 
(population, 1,052) is obtained from two wells, 160 feet deep 
and ten feet apart, penetrating 125 feet of drift and 35 feet of 
the underlying Niagaran dolomite. Water is distributed from 
a standpipe 110 feet high with a capacity of 800 barrels. There 
are six hydrants and one-half mile of mains. 

The sinking of deep wells is not recommended at either Straw- 
berry Point or Edgewood, as the high elevation above sea level 
of these towns (Strawberry Point 1,217 feet and Edgewood 1,165 
feet at Chicago, Milwaukee & St. Paul Railway tracks) makes it 
impossible to obtain a flowing well. The Saint Peter sandstone 
should be found at about 350 feet above sea level, judging from 
its steep dip of more than eighteen feet to the mile from Elkader 
to Manchester; the Prairie du Chien and the Jordan lie about 
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500 feet deeper ; to reach these waters wells at Edgewood must be 
sunk to a depth of 1,315 feet from the surface and at Strawberry 


Point to about 1,365 feet. 


The water in the Saint Peter sand- 


stone would stand several hundred feet below the surface. 
Minor supplies—tInformation in regard to water supplies in 

the smaller villages and the typical wells used throughout the 

county is presented in the following tables: 


Village supplies in Clayton county. 





Town 


Edgewood ---- 
Farmersburg - 


Froelich .-.... 
Luana 








Nature of 
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{Drilled 


wells ? 


( and cisterns ~/§100-200 ae 
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WELL DATA, 


The following table gives data of typical wells in Clayton 

















county : 
Typical wells in Clayton County 
. 5 : fe ' 
| f |e . 6 ie a 
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Owner Location £ | $2 o 3. | (logs given in feet) 
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T.91N., R. 3 W. 
(Mallory). 
L. W. Flenniken_|NW.3 SE.% sec. 21} 180 40 50 |Clay -...-..| 140 |500 feet above river. 
Diameter, 6 inches. 
J. H. Brown--:-- NW.#% sec. 28_----| 589 29 580 |Slate rock..| 400 |500 feet above river. 











Clay, 29; limestone 
(Niagaran), 200; 
shale (Maquoketa), 
200; limestone (Ga- 
lena), 160. Yields 
8 gallons per min- 





ute. Diameter, 5 
inches. 
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Typical wells in Clayton Cownty—Continued 





J 
eM Pecks. 


W. O. Barnhart- 
T.92 N., B.6 W. 
(Sperry) 

F. E. Ambrose_-- 


TNISON., 2. GW. 
(Highland). 


Henry Baars ---- 


John Rinkerts --- 
7T.92 N., R.5W. 
(Cox Oreek). 

Henry Jennings 
DOW anon aa 
Tee Bete 5.2.25 


Henry Leubke --- 


T, 95 N., R.6 W. 
(Grand Meadow). 


Charles Shultz --- 
TPeGOrgol, saaa=s= 


T.94 N., R.6W. 
(Marion). 


Mrs. Bowder ---- 


T,.95 N., R.4W. 
(Girard). 








Le: ation 


SW. sec. 28...-- 
See. 021). cee eee 


NW. 3 sec. 14.---_-. 


SW.2 NE. sec. 36 





1 mile west of 
Baars. 


SW. NE. sec. 11 
SE.34 NW.3 sec. 4. 


SW. SW.3 sec. 21 


NE.4 SW.3 sec. 16 


|SW.3 NW.% sec. 4 


NW. 4 NW. sec. 
1M ies 


NW.% NW. 3 sec. 


NW.4% NW. 3 sec. 
23. 








Depth 


bo 
1 0 


on 


146 


665 


527 | 


120 | 


25 


515 
589 


66 


Depth to water 
supply 


Source of sup- 
ply 





Head below 
curb 


Remarks 
(logs given in feet) 





too| Depth to rock 





moO 
AUS 
as 


ol | 145 








160 | 160 











Limestone -- 


Sandstone -- 


Gravel 92-2 


Sandstone -- 


‘Loose flint’ 
residual. 


Gravel pe Ess 


Sandstone -- 


Limestone -- 


aoen UO aces 








Ht 
oro 
ac 


31 


100 
20 


265 
349 


115 
57 
20 


225 


100 


Diameter, 6 inches. 
Do. 


| 


Water at about 55. 
Diameter, 6 inches. 


Valley. Diameter, 6 
inches. 

Yellow clay, 15; rot- 
ten yellow’ sand- 
stone (Niagaran), 
20; blue shale, 205; 
limestone, 350; 
shale, 10; lime- 
stone, 35; clear 
sandstone, Saint 
Peter, 380. Bottom 
. about 495 feet 
above sea Jevel. 





Diameter, 5 inches. 

Flood plain of Tur- 
key river. Diam- 
eter, 3 feet. 

Struck Saint Peter 
sandstone. 

Yellow clay, 60; 
shale, i40;  lime- 
stone, 3871; shale, 
green, 8; Saint Pe- 
ter sandstone, 10. 
Bottom about 521 
abeve sea level. 


Yellow clay, 20; 
quicksand, 140; 
loose flint (resid- 


ual), 5. 
Blue-black till from 40 
to 60, gravel below. 


Ravine; all limestone 
from curb. 

Sand rock at 20; ends 
in blue clay: 

Yellow clay, 40; blue 

a 40; sandstone, 

| . 

Ridge. Drift, 60; blue 

| shale, 100; sand 
rock, 77. 

Ridge. ‘Sandstone’ 

| brown, 56; shale, 

Hee? 90; limestone, 





Vee o, 
ye ? 


EY. 
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Typical wells in Clayton County—Continued 





Owner 








Location 


J. Smyzer -------|33 miles east of 


J. W. Tewes------ 


T,.92 N., R.2W. 
(Part of Jeffer- 
son). 


Monona. 


NW.% NE.% sec. 17 


(Peper, Bure) —.--.. a SW. sec. 


A. E. Schroeder-- 


Gustav Ditmar --- 


L. Mueller 


N. Niehause 


T,.92 N., R.3 W. 
(Part of Jeffer- 
son). 

Willlam Ball 


P. J. Schmidt ---- 


T,93 N., R.5 W. 
(Boardman). 





Nw. 4 SW. sec. 
de 


NW.% SE.% sec. 30 


NW.2 NE.3 sec. 31 


NE.4 SW 


y 
+ 
.2 sec. 33 


NE.4 NE. sec. 28 


N. 4 SE. 3 sec. 15 


PlGnseveec, G-.c-n5 


George Cassuth --;SE.4 NW.% sec. 21 


T.93 N., BR. 4 W. 
(Read and Part 
of Garnavillo). 


8. Schmidt -------/SE. 4 SE. % see. 7 





257 
367 


403 


120 


449 


219 


Depth to rock 


33 


40 








Depth to water 


Source of sup- 
ply 


Remarks 
(logs given in feet) 


Head below 
curb 


| 





370 


180-225 


215 





Sandstone 


Sandstone __ 


Limestone 
on shale 


On shale.... 


Limestone -- 


Limestone -- 


Slate 


Sandstone -- 





eae ha sandstone, 288. 
875 |Water in Saint Peter 
sandstone; ternp. 48 
degrees F. Diam- 

| eter, 6% inches. 


859 |Clay, 33; limestone, 
222; Saint Peter 
| (shale and sand, 
clean sand at bot- 
tom), 115. Wster 
at bottom of Saint 
Peter in large sup- 


ply. 

185 ‘Loess, 40; limestone, 
185; shale blue, fos- 
siliferous, 6; lime- 
stone, 39; shale, 
blue, 4; Saint Peter 
sandstone, di 

215 |Limestone, 230; shale 

Rae Water in shale 
| (large supply). 

167 jal limestone below 


| 
349 ‘carb about 940 above 
; sea level. Olay, 
40; limestone, 250; 
shale, 10; light col- 
ored sand from 340 
to 342; limestone 
from 342 to 360; 
shale, blue, 7; foot- 
ing in reddish sand 

and gravel. 


183 Oil rock at 380; wa- 
ter above oil rock; 
| a weak vein. 
60 |\Clay, 80; slate, 20; 
| brown hard rock, 
| 20. 


242 (Divide. Yellow clay, 
40; soapstone, 40; 
slate with water, 
20; soapstone, lime- 

| stone, Saint Peter, 
at 435. 
eee! ‘Yellow clay, 24; sand 
with a little water, 
4; yellow clay, 2; 
soapstone, 35; siate 
with water, 15; 
soapstone, 20; lime- 
stone to 219. 


| 
844 Ridge. Yellow clay, 
| 20; limestone, 210; 





soapstone, 70; 
slate, 30; shell, 8; 
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| “| 8 b 
| (3) bry =) 
| 3 
| e ih Ms 5 
; | ° Ob ° oN 
Owner Location | : £ oe 9 | Bg: 
I ese 2 pe a koma 
| & i=) a5 o= oo 
| @ o on om oo 
faye Q A nD m 
Te Op Ne tes O. VW. 
(Monona). 
—— Selder, Luana|----------------_-.- 80) Rewcastle oeeaeel Gravel .-----loteae- 
Pog Ne Bd. Ws). 
(Elk). 2 
ee oe ce ke See 88 to seene- ee nots 92 a | pee ka ee 
Dot N,: eo, Ws 
(Millville). 
John Minger .___.|SW.% NE.% sec. 15) 93 45 eee Hard rock --| 188 
Peus. Gravel: o | NW:-2 NB ie see 2a glee ere ee ee | eee 246 
John Patrick ..__|NW.2 SE.2 sec.23) ‘66 |__2222/2.0 Rock es 18 
William Smith -.2|NW:4 NE.® sec. 15) (220 jase c/eee ee. eee eee 200 
A. Brockman -__-|SE.4 NW.# sec. 10| 30 |------ Ecokecenl| SANG sate eens 
J. Beeker —..---.-_ NW. 4% NW.3 sec.| 290| 40 |-------- Limestone --| 268 
16. 5a eeeeeee nae 
yp eer ESTO. sa aa! S32 se@s fs 90 BO Ea eee Sd Oe es 30 
Jee OOLINS 2a NW. NE}2 see.17). 140 |---=--|. eee 100 
mR comith 2c. NE.& SW.4 see; 86; 225] 80.\. 20.55) ee eee 
Al Andrus joo SH.2 SW. see. 26) 8207) 80 fies ee 205 
| 
VSD IN. je.ck avis } 
(Buenos Vista). 
Jemblatel <4 e 3 SW.4 SW.4 sec: 90) 255 (5-03) ] = oes ee 215 
| | 
—— Hafel _.____-- NW.% SE.3 sec. 20) 243 98°) et 2 eae ee ee 
| 
| | 
Frank Nagel ____- NW.% NE. sec. 20; 280 30 275 Limestone --| 250 
mieMeuth Jo.) [NE.2 see. 212). p90)), SOK) Gabe Wate aha 200 
| : | | 
| 
| | 
| 
A. Weeks -------_- SE.4 sec, 22-27 | 990 | 30 | ghee peeks eat 180 
Charles Wales .../NW. NW. 4 sec. 167 (teal yp, Ceara 75 
~--------------} | 
| | 
| | 
| | 











Remarks 
(logs given in feet) 


hard limestone, 40; 


blue soapstone, 5; 
Saint Peter sand- 
stone, 15. About 
611 above sea level. 


Water-bed gravel be- 
low blue-black till. 


Hill. 
Insufficient supply. 


Large supply. 

Dug well on bottoms. 

Footing in shale 
(Platteville). 

60 feet solid Galena 
limestone; house 
well 


Loess, 80; blue clay, 
| 70; black hard slate 
| from 117 to 140. 
‘Loess, 24; red flint 
(residual), 6; lime- 
stone, 188; slate, 7. 
\Drift, 24; red flint, 
6; soft limestone, 
110; light colored 
limestone, 185; 
shale, 5. 





Shale, 120; limestone, 
60; oil rock; water 
in limestone below 
oil rock. 

Limestone from 88 to 
235; shale, 5; fine 
soft sandstone of 
white quality, 3; 
water at 170. 

All limestone; water 
in crevice. 

Loess; residual red 
flints; limestone io 
220; blackrock hard, 

chips, with 
water, 10. 

Clay, 30; limestone, 
130; dark rock, 60. 

Under bluff; light- 
colored clay, 60; 
black slate, 10; 
dark limestone, 30; 
oil rock, 5; lime- 
stone, 1; oil rock 
with blackjack, 5; 
limestone with pock- 
ets. of blackjack, 
38; glass rock, 18; 
strong vein. 
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DELAWARE COUNTY 





BY W. H. NORTON. 





TOPOGRAPHY. 


The topography of Delaware county is somewhat complex. In 
the northern part lies a rugged upland of loess-covered Kan- 
san drift, dissected in interglacial time by the headwaters of 
streams tributary to Turkey river. A similar tract of maturely 
dissected Kansan extends from Earlville and Delhi south along 
Maquoketa river, and other insular patches of upland occur in 
Richland and Coffin Grove townships. 

Bordering or surrounding these areas of rugose uplands lies 
the plain of Iowan drift, its fairly level surface diversified with 
low, ice-molded swells of stony clay and glacial gravels. 


GEOLOGY. 


Three drift sheets are represented in the county. The Iowan 
drift sheet, the uppermost of the three, is comparatively thin. 
The lowest, the Nebraskan, is revealed in wells where an old 
soil bed (Aftonian) separates the basal stony clay from the 
overlying Kansan drift. The Nebraskan and the Kansan tills to- 
gether make up the great bulk of the drift deposits of the county. 
The loess, a yellow silt, too fine for sand and too coarse for clay, 
is spread as a blanket over the dissected surface of the Kansan 
uplands. 

In well records it is very difficult to distinguish the different 
deposits of the drift. Even the pebbleless, soft yellow loess 
may not be set apart from the brighter yellow, hard, and stony 
Kansan drift on which it lies, although their discrimination on 
the spot is extremely easy. In the contents of the slush bucket 
it is hardly possible for the driller to distinguish the oxidized 
Iowan drift from the still more highly oxidized Kansan till, and 
yet more difficult to separate the blue unoxidized Kansan from 
the blue Nebraskan drift on which it rests. In places, however, 
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the Kansan till is covered with old, rusted glacial gravel (Bu- 
chanan), which separates it from the Iowan drift. In some 
places this gravel has been left heaped in hills; in others it 
underlies low plains or occurs as outwash in the river valleys. 

The basement rocks underlying the county belong to three 
formations. The youngest are Devonian limestones, which are 
supposed to lie beneath the heavy cover of drift over an area 
comprising about seven square miles in the extreme southwest- 
ern part of the county. Next in age is the Niagaran dolomite, 
which forms the bedrock over nearly the entire county. It 
outcrops in many sections and, where concealed from view by 
the mantle of drift, is discovered beneath it by the drill. The 
lowest rock exposed is the Maquoketa, a bluish, plastic shale, 
which outcrops in the deep valleys of Elk creek and Little Tur- 
key river and is reached by wells in different parte of the 
county (See Pl. VI). 


UNDERGROUND WATER. 


SOURCE AND DISTRIBUTION. 


Drillers in Delaware county, as in other counties of eastern 
Iowa, report a general lowering of the surface of permanent 
ground water during the last two or three decades, leaving 
dry or inadequate the drift sands which in earlier years were 
sufficient to the needs of the population. Twenty years ago on 
the Iowan drift plains about Manchester ground water stood 
within 50 to, 75 feet of the surface and wells of that depth suf- 
ficed; at present most wells in that area exceed 100 feet and 
penetrate the rock. In many wells which have not gone dry 
a distinct lowering of water has been noticed, amounting to as 
much as 20 feet. 

Exceptions to the present insufficiency of the drift strata may 
be noted where drift sands are unusually thick, as in buried 
river channels, where they are unusually extensive overlying 
the rock, and where outwash sands whose upper surface lies 
little above the level of a river are well supplied with water 
from higher ground adjacent. Thus on the east side of Honey 
creek, from Manchester nearly to Millheim, driven wells in 
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sand are used. An ancient bed of the Maquoketa at Rockville, 
filled to a depth of 80 feet with sand, supplies farm wells in that 
locality. At Manchester, where Maquoketa river now flows over 
a bed of rock, a wide ancient channel, 100 feet deep and filled 
with sand, lies but two blocks from the river banks and is utilized 
for many house wells. At Sand Springs also wells are sunk 
through sand to a depth of 75 feet, where they reach the Niag- 
aran dolomite, and obtain water that rises within one foot of the 
surface. On the prairie southwest of Petersburg wells still find 
water in glacial gravels overlying.rock. A belt of exceptionally 
thick drift passes east of Ryan through Hazel Green and into 
southwestern Milo township. Several wells reported from this 
belt show drift from 200 to 240 feet thick, and each of these 
wells enters rock for a few feet, probably to secure attachment 
for the casing. ) 

The drift over most of the northwestern part of the county 
is chiefly of a hard blue stony clay or till, with included sand 
veins four to six feet thick. In places it is 15 feet thick, but at 
present it does not afford a supply of water adequate for the 
ordinary farm. Most of the wells are sunk to the underlying 
rock. 

Over much of the county, especially in the northern and east- 
ern portions, where the Niagaran approaches or reaches the 
surface, water is found at varying though usually moderate 
depths in the country rock. 

In the southeastern part of the county wells commonly find 
water above the base of the Niagaran and the summit of the 
underlying impervious Maquoketa shale. Northwest of Mon- 
ticello few wells exceed 80 to 100 feet. As the Niagaran in the 
southeast townships attains a thickness, according to some well 
sections, of 160 to 200 feet, wells not infrequently find water 
at depths of 80 and 100 feet at a greater or less distance above 
the floor of the shale. ,Six miles southeast of Delhi a well en- 
tered the Niagaran at 40 feet; at 200 feet it encountered loose, 
eaving, shelly rock; and at 280 feet it struck a mud-rock shale, 
both the caving rock and shale being referable to the Maquo- 
keta. The mud-rock shale was penetrated to a depth of 120 
feet, the total depth of the well being 400 feet. The boring was 
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abandoned before it reached the Galena limestone, and a new 
well, located 50 feet from the first, found plenty of good water 
on the shale. 

In Delhi township, occupied largely by an area of Kansan 
drift, the thickness of the drift varies from practically nothing 
to 240 feet and wells find water in the subjacent limestone at 
depths of 60 to 225 feet from the surface of the ground. 

In the northeast townships of the county much the same con- 
ditions prevail as in the southeastern. Wells 100 feet deep 
draw water from glacial sands on the Iowan prairie southwest 
of Petersburg, where rock is reached as a rule. In Colony town- 
ship, in an area of well-dissected Kansan drift mantled with 
loess, blue Kansan till is heavy and wells find water in the 
subjacent limestone. 

The Maquoketa shale, brought up toward the north and east, 
by the general southwestward dip of the strata, outcrops at 
Rockville and in the valleys of Little Turkey river and Elk 
creek. Hence the depth of wells in the Niagaran decreases 
toward Dubuque and Clayton counties. In northern Colony 
and Elk townships the deepest wells penetrate the Maquoketa 
shale and resemble those described in the adjacent parts of 
Clayton county. 

In the four northwestern townships no wells are reported as 
reaching the Maquoketa, all finding water either in Niagaran 
dolomite at different depths or, less commonly, in the sands 
and gravels of the drift. Wells seldom exceed 160 feet in depth. 
although some are as deep as 265 feet, penetrating the Niagaran 
to 200 feet. 

In the southwest townships the drift thickens toward the 
south and west. The deep drift east of Ryan, due probably to 
a buried channel, has already been noted. To the east of this 
‘‘deep country,’’ as the drillers term it, the rock rises to the 
surface at Maquoketa river. A mile west of the buried channel 
rock approaches within 50 feet of the surface of the Iowan drift 
plain. In southern Prairie township wells are drilled from 70 
to 100 feet and more in the Niagaran dolomite after passing 
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through from 80 to 120 feet of drift. In Adams township the 
same conditions prevail, except that in the southwest corner of 
the township the bedrock belongs to the Devonian system. 

The deeper Ordovician and Cambrian sandstones lie too far 
below the surface to be reached with profit, except for the water 
supply of the largest towns. It is from these affluent sources 
that the supply of Manchester is drawn, the artesian well of 
that city being 1,870 feet in depth. (See Pls. VI and VIII.) 


SPRINGS. 


Delaware county is favored with many large springs in all 
parts except the southwestern, where the country rock is deeply 
blanketed with drift and the area has suffered but little dis- 
section. 

A well-marked spring horizon occurs in the Niagaran dolo- 
mite below the base of the Pentamerus zone, which lies 150 feet 
above the summit of the Maquoketa shale along Elk creek. 
From this horizon issue the copious springs which supply Spring 
ereek in southern Delaware and northern Milo townships, and 
the waters. of which are utilized by the large fish hatchery of 
the United States Bureau of Fisheries near Manchester. Other 
large springs from the same horizon occur near Hopkinton, 
near Millheim, and at different poimts in Honey Creek and Del- 
aware townships along the valleys of the creeks tributary to 
the Maquoketa. In Richland township many springs issue from 
the same beds at the base of the picturesque limestone cliffs 
north of Forestville known as the ‘‘Devil’s Backbone.’’ 

A still lower horizon is at the contact of the pervious and 
ereviced Niagaran dolomite with the Maquoketa shale. The 
underlying impervious bed of shale collects the water descending 
through the limestone and leads it down the dip to outlets where 
valley and ravine have trenched the strata. Dissolving little 
by little the rock through which it seeps, the ground water has 
developed a system of passageways in the transition beds over- ° 
lying the shales and issues from its trunk conduits in powerful 
springs. The many springs along Hlk creek and its numerous 
branches in Elk and Colony townships emerge at this horizon. 

A few examples of these fine springs must suffice. The spring 
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of L. Schnittjer, section 26, Delhi township, issues with a tem- 
perature of 52° F'. from the Niagaran. The water is lifted to 
a convenient level for domestic use and the watering of stock 
by a hydraulic ram—a device also used by other farms in the 
vicinity. The Silver Spring Creamery, Delhi, uses two springs 
issuing from the Niagaran dolomite at the bottom of a ravine. 
Like most of the springs of the county the water carries no 
sediment, and its flow and clearness are not affected by storms 
or wind. The water flows through the creamery where it is 
used for all. purposes. The temperature is stated to be about 
50° F. Big Spring, section 3, Colony township, issues from the 
base of the Niagaran, as does the spring of J. D. Chase, of 
Greely, which flows from 100 to 120 gallons a minute. From the 
same horizon issues the spring of J. C. Odell, section 16, Elk 
township, whose discharge is ten barrels or more a minute and 
whose water is carried by a. flume 40 rods long and develops 
30 horsepower. It is utilized to run a gristmill. The tempera- 
ture is stated to be 48° F. 


CITY AND VILLAGE SUPPLIES. 


Earlville—Harlville (population, 552) draws its water sup- 
ply from a well and uses it chiefly for fire protection. The 
pressure is 39 pounds and there are 11 hydrants and one mile 
of mains. 

Hopkinton.—Water for Hopkinton (population, 797) is ob- 
tained from a drilled well 83 feet deep and 8 inches in diameter. 
Water is found in the Niagaran dolomite, which the well enters 
at 30 feet. The Maquoketa shale was reached by the well. 
Water rises within 40 feet of the surface and is lowered but 5 
feet under pumping. It is pumped by gasoline engine to a tank, 
which supplies a gravity pressure of 55 pounds. There are 
3,300 feet of mains and 7 fire hydrants. 

Manchester.—The supply for Manchester (population, 2,758) 
is drawn from an artesian well 1,870 feet deep. (See Pls. VI, 
VIII.) The well is 10 inches in diameter to 260 feet, 7 inches 
to 890 feet, and 6 inches to 1,650 feet. A 7-inch casing extends 
from 260 to 890 feet, and a 5-inch casing from 1,300 to 1,650 
feet. The curb is 926 feet above sea level and the head is 14 
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feet below the curb; with the Niagaran waters cased out the 
head is 150 feet below the curb. The tested capacity was orig- 
inally 200 gallons a minute and is now 250 to 300 gallons a minute 
from depths of 1,200 to 1,296 feet (Jordan). No water was found 
below 1,500 feet. No repairs have been made. The temperature 
_ after 10 hours’ pumping was 48° F. The well was completed in 
1896 by J. P. Miller & Company. 


Previous to the completion of this well the water supply of 
Manchester had been an excellent spring, situated near the 
business portion of the town on the banks of Maquoketa river. 
A reservoir excavated in solid Niagaran rock receives the water 
of the spring, and to develop the flow to the utmost several 
wells of moderate depth have been drilled within it. As the 
water was insufficient to supply the increasing population of 
the town, it was wisely decided to sink an artesian well, and a 
site was selected adjoining the reservoir and some 24 feet 
higher than the water in it. 

While the drilling was in progress to at least a depth of 1,400 
feet, water stood in the shaft at about 14 feet from the surface, 
and there were indications that this height was due to the in- 
flux of water from the spring. When water-bearing strata 
were reached at 1,200 feet and below, and the well was cased to 
260 feet, the water dropped to 150 feet from the surface. On re- 
moving the upper casing to a depth of 260 feet, the water again 
‘rose within 14 feet of the curb, and on the final pumping test 
of the well the spring adjacent nearly ceased flowing. The 
‘well, therefore, receives a supply of water from the Niagaran 
dolomite from the same source as that of the spring. The Saint 
Peter is cased out, if the record is correct, and it is not known 
whether or not it is water bearing. The main flow seems to 
-eome from the Jordan sandstone, from 1,200 to 1,296 feet. Be- 
low 1,500 feet it is reported that no water was found—a re- 
markable fact, as the drill penetrated the entire thickness of 
the Dresbach sandstone. 

The lower flow alone was tested with a pump throwing 75 
gallons a minute for 24 hours without lowering the water. On 
the final test of all waters with a pump throwing from 160 to 
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200 gallons per minute from a 7-inch pipe 200 feet deep, the 
water soon sank to 33 feet from the surface and there remained 
during the entire test of 20 consecutive hours. 

The pumping cylinder is now set 200 feet below the surface 
in the well and the engines also pump from the spring reservoir. 
When the deep-well pump is in operation no water flows from 
the spring and the reservoir is drained. When the pump of the 
spring is working at its maximum the pump of the deep well 
jerks as if sucking air. The spring alone supplies about 40,000 
gallons a day. The deep well pumps from 250 to 300 gallons 
a minute all day without difficulty. In this connection should 
be noted the abnormally low temperature of the water pumped 
from the deep well after 10 hours’ pumping and some 20 min- 
utes after the pumping from the spring had ceased. Without 
question the well receives from the Niagaran a large amount of 
water of low temperature. 


Record of strata in city well at Manchester. 























TSE | Deven 
Silurian: 

Niagaran dolomite (225 feet thick; top, 926 feet above sea level)— Feet Feet 
Dolomite, buff;"6° samples 22 s_22 = Ss ee ee 140 1 
Dolomite, blue-gray, highly cherty; 6 samples__--.---__----_____-____--.- 60 200 
Dolomite, blue-gray, cherty, pyritiferous, slightly argillaceous___-___--- 25 225 

Ordovician: 

Maquoketa shale (205 feet thick; top, 701 feet above sea level)— 

Shale, blue, gray, green and drab; 18 samples_-..--__._.____-__________. 145 870 
Magnesian limestone or dolomite, dark drab, subcrystalline, somewhat, 

argillaceous, in flakes; 2) samples—-- = 2 oo ee eae 14 384 
Shale, blue- and) ‘g2ray-ereen; “7 samples.-=2 22> ee eee 46 430 

Galena limestone to Platteville limestone (354 feet thick; top, 496 feet above 

sea level)— 

Limestone, magnesian, dark drab, argillaceous___-_---.---._-----_---__-- 10 | 440 
Limestone, light gray; earthy luster, briskly effervescent; 16 samples__ 106 546 
Dolomite, light yellow-gray, subcrystalline; stained with ferric oxide 

in minute rounded spots; much of the superior limestone in small : 

fragments 220-5232 2oess = sees eee Sa et eee 10 556 
Limestone, light and darker blue-gray; generally rather soft; earthy 

luster: in. flakes and chips;20 samples2.2--2o 3 142 698 
Shale, bright green, fossiliferous, containing Orthis perveta Conrad, 

Strophomena trentonensis W. and S., and bryozoa (Decorah shale) 5 703 
Limestone, light blue-eray; fossiliferous. 2 = eee 8 711 
Limestone, light blue-gray, earthy to crystalline; 11 samples_-_-__-__- 66 V77 
Shale, green, somewhat calcareous. 2. 2-2-2 ssa eee fs if 784 

Saint Peter sandstone (33 feet thick; top, 142 feet above sea level)— ‘ : 
Sandstone, with small chips of limestone, in which no embedded grains 

are notided.=-222-.2)4..-<822 5 ae a oe re eee ee io0'8 787 
Sandstone, as above, but free from admixture; 4 samples___------______ 30 817 

Pairie du Chien stage— 

Shakopee dolomite (65 feet thick; top, 109 feet above sea level)— 
Dolomite, buff and gray; angular sand, mostly quartz sand, 
probably* from above; 3) sampless——-.. 22-22 ee a ee ee 18 835 
Dolomite,- light. gray...22-2 0602. eee oe eee eres 42 877 
Dolomite; slightly ‘arenaceous(i2:20— 2 ee ee eee | 5 882 


New Richmond sandstone (49 feet thick; top, 44 feet above sea level)—' 
Dolomite, highly arenaceous, grains rounded and some enlarged! 
by crystalline facets:2 samplesss202 2) ee ees eee ee eee | 11 893 
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Record of strata in city well at Manchester—Continued 


























These | Deon 
| 
Dolomite, gray, arenaceous; some light drab shale_---__--__--_____-_- 6 899 
Dolomite, arenaceous; some highly arenaceous shale; 2 samples___-| 19 918 
Sandstone, caleiferous a i 921 
Dolomite, gray, arenaceous, with argillaceous powder_----~-~---~-~-_| 10 981 
Oneota dolomite (275 feet thick; top, 5 feet below sea level)— | 
MOD ees raver oe PAMDICS. 2ossee eo ane cnoneecetc nn kocnecacantac neecuss | 54 | 985 
Dolomite, light gray, arenaceous; 3 samples_-_---.---._-.-.--._.... | 24 1,009 
Dolomite, gray; arenaceous from 1,100 to 1, 103 feet; 27 samples_-' 170 1,179 
Melee. ATCORCCOUS, BIAY concn. ance soctaneahecesan- seenenccnaseneces| 5 | 1,184 
Dolomite, highly arenaceous, or sandstone, calciferous; 4 samples_-' 22 | 1,206 
Cambrian: | 
Jordan sandstone (90 feet thick; top, 280 feet below sea level)— 
Sandstone, white; grains rounded and ground, with considerable divers-, | 

DEVESRESI ZONE? SAMDICR= S202 ao. ee see eo eae dias tee Secon ce llace 50 | 1,256 
Shale, highly rao nCcOUs, ANG, CAICATCOUR 6c seuns— pues te eo | 4 | 1,260 
MaTsOMO CEB au lou.) 0 SRINDION{ tea o8s as ee ng aces 36 1,296 

Saint Lawrence formation (242 feet thick; top, 370 feet below sea level)—) } 
Dolomite, gray; some sand, probably from above_-------_-----------.__- | 20 | 1,316 
Sandstone, calciferous, or highly arenaceous dolomite_-_---_-_-__________ 15 1,331 
regret ewan he NG CLO We 2 DAY Nace pg ne eae | 5 | 1,336 
Dolomite, gray; in fine sand mixed with considerable quartz sand; 2) 

CRA CE alee ee al ee ee ep ee es ee a eae 10 | 1,346 
Dolomite, light gray; in clean chips; a little sand from above___---______ | 10 | 1,356 
PPOs MIME, 640 cus SRI ICS 2 ee coe echo ad aneeakannecaes chncnascaee a 16 | 1,372 
Marl, arenaceous, argillaceous, and caleareous; in fine green- gray) 

powder; 6 samples, all of a pulverulent powder, seen under the micro- | 

scope to be composed of minute angular particles of quartz, dolo- | 

mite, and chert, with much argillaceous material; glauconiferous_-__-_! 153 | 1,525 
Sandstone, fine- grained; in greenish yellow powder; argillaceous_____-_ | sal 1,588 

Dresbach sandstone and underlying Cambrian strata (332 feet thick; top,' | 

612 feet below sea level)— 

BaNceLone whites prains ne and rounded.—--...-..2-.-<----ceee ao caunn | 22) 1,560 
Sandstone; greenish argillaceous material mixed with drillings____--___- } 13 | 1,573 
Sandstone, fine; light buff from ferruginous stain--.-----------------_--- / 6) 1,579 
|S TE SL = SSN aaa aa a 19 | 1,598 
Sandstone, coarser; uniformly rounded, smooth surfaced gains of limpid| 

CNET G peje Ee SSS ee ee oe ee eee 13 | 1,611 
chase rts a 2 eee a a ee ee oe ' 79 | 1,690 
Sandstone, yellow, glauconiferous; said to be argillaceous__-_---~-.--_- 25 1,715 
Shale, light blue, arenaceous, calcareous, somewhat glauconiferous___ 155 1,870 





The water is pumped to a Reenidpipe (ances 105,750 gal- 
lons) and distributed under domestic pressure of 50 pounds and 
fire pressure of 80 to 110 pounds, through 6 miles of mains, to 
38 fire hydrants and 350 taps. 

Ryan.—The water supply of Ryan (population, 511) for fire 
protection is drawn from a drilled well 258 feet deep, which 
enters rock at 90 feet. Water was found at 150 feet and rises 
within 60 feet of the surface. The capacity of the well is 150 
gallons a minute. Water is distributed from an air-pressure 
tank under pressure of 60 pounds. There are 400 feet of mains 
and five hydrants. 

Minor supplies—Information concerning the water supplies 
of the smaller communities in the county is presented in the 
following tables: 
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Village supplies in Delaware County. 























| ce} Ee 
Bide s t 
2 o ource 0 
Town Nature of Supply = aS 2. Supply 
ye) we bom 
2, Aw oo 
.) oe eS) 
=) i=) ft ie 
Feet Feet Feet 
Compton ies... =-.-- Driven and drilled wells___-- 12-150 |........../ 10-20 
@olesburg) 2222... NO. TeDOPt) 52 sone hee econ amotio eee eee a eee 
BD) VDL Oy oe st Seas Drilled) wells ietseq-oeceanase 10-100 jas Soe 65-80 |Niagarun dolomite. 
Mundegy 522-2 =.= Wells) :::" sce eee ie 40-250 70-100 | 20-40 Do. 
Greely eer Drilled wells) 2o2.2e4—sesseenone 70-200 | tO Re ee Do. 
Masonville -----.-. Deep \welish sfesesueo nese esse 65-140 | 90-140 | 50-100 Do. 
Wneidiaie eee cae Wells 32038 245 bee 50-125 | 60 | Aes Do. 
Sand Spring ------- Driven and drilled wells_--..|.-----_.. | Seen ages 1 in. |Sand. 
'RHOED (i esee eae Drilled and dug, wells_------- B10 Ge eee ea eee Niagaran dolomite. 

















WELL DATA. 


The following table gives data of typical wells in Delaware 
county : 


Typical wells in Delaware County. 























i 4 | 
| | Wes | B 
| ° 
| S Sourceof 3 Remarks 
Obed | aiie-toigiy | a Supply | 29 | (Log given in feet) 
| | o | B 35 
o o vo 
ata 1g 
} Feet | Feet | Feet | ; 
AME aN R. 6 W. : 
dams) | 
T. Williamson_.--|4 miles north of| 305 BB Sil c S3 gece 5 See eee | 55 |20 feet away a _ well 
Coggon. : | sunk to 160 feet 
found no water, 
: rock being struck at 
| | 108 feet. 
W. Montgomery--|4 miles north and 1; 108 | 108 |______---___________ ei Se ‘108 feet to water bed. 
mile east of Cog- . 
gon. | 
no elattens 22 4 Sot northeast; 140 BO Le ee ee ee . 
of Coggon. | | 
T. Henderson--..|4% Petes: northeast 68 C85) Bao eee | 18 |68 feet to water bed. 
‘oggon. 
Swidle =: -= Silver creek --...- 70 90410 Se ee ee ee '70 feet to water bed. 
heen Beny-..~-'Northwest of Ryan} 850 | 200+-)__.__1__--_-____-_-|__o Sandy aol a clays to 
: | 6; soil, 8; Niagaran 
| buff dolomite, 130: 
limestone, nearly 
white, 20; blue shale, 
Maquoketa, 40. 
ee PL Soe SCC vabsa sens 207, 20 207 feet to water bed. 
py pa. Ss eae a NE. 2 NE. 2 sec. 28} 180 | 120 oo blue clay to 
‘ rock. 
Bir acti gh Bat ae eels SW. 2SW. 2 sec. 1/160 4.225) a ee AT eee 
pe NE eg Rasa | Wise NW ck! (S0C.80|) 280 ni 120 Se eee pe eee ee eee 
TD Sip Nive ue Oly. 
(Hazle Green) 
William Porter_---|3 af A*miles: east, OF|) 262: 9-200! whoo eees eee aoe 110 
an. 
een SP pe NW. +. SW..2 (860.28): 205%} 200 nj coe ee eee pats site =. ey 
ue clay to rock. 
G. Abbey22-2-—— NW2)4(.NE. 2 S€C9215 160s 205) lo eee ee val eae Somewhat lower 








ground than last. 


a as Se 
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Typical wells of Delaware County—Continued 























24 














| 3 | 
| 2 aL 
f ° Source of ‘oa Remarks 
} ~~ 
Owner Location es 2 Suppiy Do | (Log given in feet) 
| + - Ot | 
{ 6 a Co | 
; @ o Oo | 
a A m 
Feet | Feet Feet 
ee ee INE. SE. 4 sec. 28) 242 | 240 j..---..---...._______.| 40 |Much lower ground 
than last two. 
T. 87 N., R.4 W. 
(Union and Part 
of South Fork). | 
Southwest of Hop-| 200 80 |Niagaran dolomite|_____- All blue clay to rock. 
James O’Neil --.-.| kinton. 
(Part of South 
Fork). 
Charles Root_--_--- NW. 3% sec. 18__--..| 200 AUN) Ss eee 8 Shae hota Ae 
Jacob Land___-_--;Northeast of Sand | 125 (5 \ig ee eet Ee alge Dek Se 
uae Spring. 
aa Mauser--_.--|24 oniles (south OF 208. He 16 | toons e eee a 
Worthington. | 
Ne ee cee n= NW. 3 NE. 3 sec.1) 162 SOM thett easement cos aN, 20s) limestone; 
140; shale, 2. 
T. 88N., R. 5 W. 
(Milo). 
eee No. + NE; 4 sec. 29) 215. | 284 © | 3-5 L ee High ground. 
ee SW. + SW. 4 sec.28) 190 |----__|Gravel_____________|_-____.|Lower ground. Ends 
in gravel 60 feet 
lower than the pre- 
F _ceding and following. 
— Haynes-_-----_ WY s NW 2 6c. a5) 210. 1200 |-----=---=__--_ |----~- \Nearly all in drift. 
o> ea NW. 2 NW.# sec.32] 145 | 130 |---------------.----|------| 
ee NW. NW.2 sec. 30} 70 | 50. |--------------------|-_--.-/Low ground. 
ee SW. 3 SW. 4 sec.19| 60 | 60 |--------------------| 15 |Low ground; clay from 
top to rock, 
mrenes (horme..|7 miles’ south of 180 | 150 |---------..--+-.._-=|_.-... Blue clay to rock. 
Manchester. 
<p SW. 2 SW. 3 sec. 2) 85 Tie lS ae RSE Fy 7-e =p es 
T. 88 N., R. 6 W. | 
(Prairie) 
~-------------------|NW.% NW.3 sec. 21; 100) 90 |--------------------|------ 
Lee M. Smith____-|4 miles southwest | 100 Omer VIMEStONCl 2c a-denio saan Blue clay to rock, 
: of Manchester. 
Sherman Harris_._\6 miles southwest | 121 | 101 |--------------------|------ Do 
of Manchester. | 
oe NE.% SE.4 sec. 19] 185 | 180 |---------.----------|._----|High knoll; nearly all 
| blue clay to rock. 
es oa as, DME eT seen Ole leO.y MO PLSi glee maneee Sacre aoa aes 
T. &N., R. 4 W. 
(Delhi). 
i>. NER ws see. 18 2-) 195 
= ee SE. 3 NE. 3 sec. 19} 185 
-- 22 NW. 2 SW. sec.29} 204 
co jae NE. 34 SW. 2 sec. 31} 220 
Sait ams -|NW. 4 NW.32 sec.22| 65 
s _|SE, 4 NW.3 sec. 22] 165 
= .-|SE. 4 SE. 3 sec. 14} 214 
[2 ae Ror meee. 142 150 
eee 4.) Ws, & SCC. 18_--._-- 168 | 
>) aaa SE. 4 NW. 3 sec. 24) 225 | 150 | 
George Morris_____ Tee SOC.  2Os cok TaD ra | ee pe a SaaS a eae ieee, Bottom of ravine. 
| Drift or alluvium, 
| 46; dolomite (Nia- 
| garan), 75; ‘‘shell 
| rock’? described also 
| as a “blue clay.” 
| (Maquoketa). 
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Typical wells of Delaware Cownty—Continued 
ri See 
oO 
e E 
j - ° Source of 7) Remarks 
Owner Location at cf Supply 2.6) (Log given in feet) 
= Fe 
oe o @o 
a A jae 
- evens 
Feet | Feet Feet | 
T, 88N., R. 3 W. 
(North Fork) 3 
Mrs. Georgian_----/Rockville -.---..--- SoU) ee ae Sand and gravel --|...--_ Maquoketa bottoms. 
x All sand and gravel. 
Frank Kerns-----=|23 miles south of | 160 gD a mh ee ech PAS eet _--.--/Surface deposits, 12; 
Dyersville. limestone, 100; Ma- 
2 quoketa shale, 48. 
Stes 1 Pe 2 miles south of | 130 | 10 /|Limestone_.....-__._-..._\Surface deposits, 10; 
Dyersville. | | limestone, 119; shale, 
N. Felters--------- \2 miles northwest 320 | 90 |------ Oya ee ‘Ridge. Drift, mostly 
of Worthington. | | ! blue elay, 90; lime- 
| | stone, 70; shale, 150; 
limestone, 10. 
|, 89 N., BR. 5 W.| 
(Delaware) | | 

West Side School-|Manchester ~-_----- | 106'..) 301° \\-- eee Pest! ‘All blue clay to rock. 

fs pate aos EEE SW. 3 NE. i sec. 23) 75 50 |Limestone-..-.._--- .|Blue clay to rock. 

School well_------- Manchester |; 20.502) $02/5\0104 pioneer Sand to rock; Maquo- 

| | keta shale struck at 
| 220 feet from surface; 
ends in shale. 

‘att? ep ae SW. 4 NW. 3sec.15 61 | 60 |Sand__.........-..|------|Sand to rock. 

a A Sine Se see he SE. 3 SE. 3 sec. 31) 92 90 [isc eul 2 Ab ine ciaeacorroce. 
| / on low ground; 
| | | would overflow 
years ago in wet 

| | seasons. 

4 Se eG eS, Oenter of sec. 22--.) 160 }------|Gravel-- 222 ato nee 

T. 89 N., R. 6 W. | | 

(Coffins Grove) | } 

0p Rg EP ee ee SE. 4 SE. 3 sec. 21! 110 | 102 

pape S 3s? iar 6 SIE iCenter of sec. 21._| 80 y > indy (ORE Reali oe We yeti hale | 

ae eee? SE. 3 SE. 4 sec. 15). 160 [-180 .}_2 ee a ee avin 

Limestone==.- |. Till to rock; a few 
pater of quick- 

St eS Was weece see. eSalgc0 122 

pay ert a AU ey fe wed i ie | eae Re dena” ‘to thin clay, 
overlying rock; 1 
sand well in local- 
pee rcs! oh oee, NE.} SE.3 sec. 4_| 120 90 ity. 
Limestones 2--2--1-seeee Clays, 90; shell rock, 
a hl 7 hall BPD ae aoe yl a 130 10; solid rock, 20. 
les’ Thorpe:.-|9 Miles west) of | 140° |. 22/2. 2 eee 
meres oY Manchester. Gravel 2. 80; All blue clay to 
MOS. ase 8 miles northwest | 120 | 100 gravel. 
of Manchester. Limestone 22 sleaeced 
T. 89 ee “ 4wW. 
neida). 

D. tats 5 miles east of | 187 20) Wat So eee ee ce 
| Manchester. 

TT. 89 N., RB. 3W. 

(Bremen). 14 miles northeast | 100+/----.- Sand 222226) Sectadly ase Nearly all sand. 

eT SP Ae ae - ee oe G ' in a ane 
24 miles southwest| 100+ |_...._ LAV Cho oases eee as sand and gravel. 

Henry Leschy-----\""5% petersburg. sate 
5S 2niles west of. |\\.007)|2.552)1 Sand V2.2 ase ee Flowing well from sand 

— Groffman----|" pversvitie. under blue till. 

—— Nachmann---.|----99 ------------- 119 | ------|------ do ----------|------ Do 

Gocrtz:----- 4 miles west of| 85 |--.-..|------ OG ease nee saree High prairie; nearly all 

Henry, Dyersville. | blue tin. ” 
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Typical wells of Delaware County—Continued 








Location 


Henry Lichtenberg|34 miles northwest 
of Dyersville. 
T. 90N., R. 4 W. 
(Elk). 
A. B. Holbert_-_-|Greeley 


T, 90N., RB. 3 W. 
(Colony). 


BeBe) 19° < soso cece n 


T. 90 N., BR. 6 W. 
(Richland). 
Hugh Middleton--|Near Strawberry 


Point. 
NW. 3 NE.3 sec.26 


W.H. Sherwin_-.-/Near Forestville_-- 
John Robinson_---|6 miles northwest 
of Manchester. 
Allix Schaufner-_---} Schaufner 
4 miles southeast 
of Strawberry 
Point. 





Depth 


Feet 
206 


265 


206 


265 
130 


131 
102 


386 
230 





i 


{ 





Depth to rock 


Feet 
25 


100 








z 
Ss 
Source of s 
Supply 2 
be] 
3 >) 
oo 
tc Oo 
Feet 
ae Sansa 126 
Lt Ls, Se ates ecee Paice one 
3 
SAnQGsssosce se coee ens 
| 
‘Limestone-_----__- reatgt 
| ' 
ais 
= eee es Se et ee 
Gander ose ae 





; Remarks 
(Log given in feet) 





High ground. Drift, 
25; limestone, 181. 


Diameter, 6 inches. 


Ends in sand under 
heavy pebbly blue till 


\Drift, 65; limestone, 
200. 

'Yellow clay, 8; blue 
clay, 92. 


Blue till, 213. 
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DUBUQUE COUNTY 





BY W. H. NORTON, 





TOPOGRAPHY. 


The topography of Dubuque county is composite. The east- 
ern part, rising 600 feet and more above Mississippi river, 
which flows along its eastern border, was deeply gashed by the 
tributaries of the master river during the long periods pre- 
ceding the glacial epoch, and the hills and valleys thus deve- 
loped have been accented by erosion since that time. The’ west- 
ern part of the county, because of distance from the main chan- 
nels of erosion, was perhaps not so deeply and thoroughly dis- 
sected in preglacial time, and it has been blanketed with sheets 
of glacial stony clays deposited by successive ice sheets from 
the northwest. Its valleys have thus been partly or wholly 
filled and the sharp erosion profiles characteristic of the eastern 
driftless portion of the county have been blurred or quite ob- 
literated. 

The youngest drift present, the Iowan, forms two long lobes, 
one occupying the summit of the ridge reaching from Dyersville 
to Epworth, the other stretching from Worthington southeast- 
ward down John creek valley. These are areas of gently un- 
dulating prairie with a local relief on the more level portions 
of not more than forty or sixty feet in a square mile. 

The remainder of the western and southern part of the county 
is occupied by older drift, the Kansan. Here the relief depends 
on two factors—the degree to which the preglacial rock-cut 
valleys were filled with drift, and the degree to which the drift 
has been removed by streams since its deposition. The time 
since the deposit of the Kansan drift has been long enough to 
permit a well-marked and fully developed drainage system to 
be initiated or restored. Streamways are incised below the up- 
land crests to a depth of 150 feet about New Vienna and to more 
than 200 feet at Mellary. So broad, however, are the valleys 


* (a Se oY 
| ee 
7 *, , 
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that the local relief in places may not exceed 80 or 100 feet in a 
square mile. 

The Kansan drift extends as far east as Bankston and Cen- 
tralia and southeast to the Jackson county line. It reaches the 
edge of the main body of upland underlain by the Niagaran 
dolomite, but fails to follow out upon the long spurs which 
render the escarpment of this upland so strongly digitate. The 


remainder of the county lies in the driftless area. 


In this area broad flat-floored valleys have been opened by 
the larger streams, such as the Little Maquoketa. It may be 
noted that adjacent to the Mississippi there has been developed 
a wide upland, now maturely dissected, standing about 240 feet 
above the river and about the same distance below the Niagaran 
upland to the west. This upland is underlain by the Maquoketa 
shale, and upon it are located the towns of Asbury, Julian, 
Ricardsville, and Key West. The origin of the upland, which 
is wholly comparable to that developed on the Saint Peter along 
Upper Iowa river in Allamakee county, need not here be dis- 
eussed. Whether it is due to cliff recession of the overlying 
Niagaran or is a peneplain uplifted and dissected it is of special 
importance in the water supplyof‘the county. 


GEOLOGY. 


The following geologic formations are present in Dubuque 
county : 


Quaternary: 
Alluvium. 
Loess. 
Towan drift. 
Kansan drift. 
Aftonian soil. 
Nebraskan drift. 
Silurian: 
Niagaran dolomite. . 
Ordovician: 
Maquoketa shale. 
Galena dolomite. 
Decorah shale. 
Platteville limestone. 
Saint Peter sandstone. 
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Prairie du Chien stage. 
Shakopee dolomite. 
New Richmond sandstone. 
Oneota dolomite. 


Cambrian: 
Jordan sandstone, 
Saint Lawrence formation. 


Dresbach sandstone and earlier Cambrian strata. 

The following hypothetical geologic section is based on the 
scanty and in places conflicting data supplied by the records 
of the deep wells of the city of Dubuque. (See Pl. VI.) The 
thickness of the Galena dolomite is obtained by measurement 
of its outcrop. 


General geologic section at Dubuque. 




















x Eleva- 
ht tion of 
stratum 
j 
Galena dolomite to Platteville limestone: | Feet Feet 
Dolomite: .2- 2. eae ae oe ee ee ee ae be 237 +550 
Limestone, bituminous shale, green shale_..__--------__.-__-_--.-_----.------ 46 +504 
Saint Peter sandstone: 
White sandstone, water bearing-_---.-.:..-.....-.------.-..-.. 2 dS ee 58 +446 
Prairie du Chien stage: 
Dolomites (Shakopee and Oneota), arenaceous in places, New Richmond 
sandstone perhaps at 376 feet, with some shaly beds_-------_------------- 310 +136 
Jordan sandstone; : 
Sandstone, water bearing. 2-22. -W 5240324 sso Soo a a ence eee eee 95 +41 
Saint Lawrence formation: 
Dolomites and shales; dolomites to sea level, shales, red marls, arenaceous; 
and glauconiferous <-.-22225s~-. 5 .-s2n eae se ee es bone 179 —138 
Presbach sandstone: . 
Sandstone, water bearing 1.2 --2— 22222 cee 21 —359 
Unnamed Oambrian strata: 
Slinles i225 so 5 aS ae a a a er a a a ge ae ee 121 —480 
Sandstone, ‘water beating abOVeo 2 Jn eee eee eee aes 768 —1,248 





The lowest formation exposed to view in the county, the Saint 
Peter sandstone, outcrops at several places near Spechts Ferry 
at the base of the bluffs bordering the Mississippi. In these 
places the normally loose white sandstone has been discolored 
and hardened by iron compounds leached from the rocks above. 
The drill, however, everywhere throughout the county finds the 
Saint Peter of its normal aspect—a soft friable sandstone of 
round clear grains of quartz. 

The Platteville limestone overlies the Saint Peter and ap- 
pears along the Mississippi as far south as Eagle Point, Dubu- 
que. It consists of a basal shale (the Glenwood shale of the Iowa 
State Survey), overlain by limestones, some magnesian and 
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some fossiliferous, blue and brittle, and cut by the drill into 
flaky chips. Bituminous brown shales may be interbedded with 
these limestones. Above the Platteville lies the Decorah shale, 
a highly fossiliferous plastic shale with lenses of limestone. 
The Decorah is succeeded in ascending order by the Galena 
dolomite, which as now defined includes all from the summit of 
the Decorah shale to the base of the Maquoketa shale. The en- 
tire body of the Galena may be dolomitized, as at Dubuque, or 
more or less of the body of rock may have escaped the process 
and remain in its original nonmagnesian or slightly magnesian 
state. Where dolomitized, the Galena is porous and cavernous. 
It is the lead-bearing rock at Dubuque, where its thickness 
reuches 237 feet. The Galena forms the bedrock over a con- 
siderable area in the immediate vicinity of the streams in the 
northwestern part of the county. 


' The Maquoketa consists in Dubuque county of 50 feet of 
friable shale with earthy limestones overlain by 150 feet of 
plastic blue shale. These impervious and dry rocks immediate- 
ly underlie a large upland area in the eastern part of the county 
(p. 373). The shale is well known to drillers throughout the 
county. The progress of the drill is retarded in this formation 
by the fact that the drill hole must be washed out every two or 
two and one-half feet. 

The uppermost geologic formation of the county and the most 
extensive in its outcrops is the Niagaran—a buff dolomite, in 
many places cherty, especially toward the base. It underlies 
the superficial deposits west and south of the conspicuous, sin- 
uous line of cliffs of the Niagaran escarpment. As rock, the 
Niagaran closely resembles the dolomitized Galena and could 
hardly be told from it by the cuttings of the drill, although the 
Niagaran tends in color to blue-grays and to lighter buffs rather 
than to the darker buff of the Galena. The two formations are 
readily distinguished by their surface distribution and by the 
thick shale which parts them. 

The drift sheets of the county are three. The oldest, or 
Nebraskan, is separated from the overlying Kansan by the in- 
terglacial Aftonian deposits, consisting of old forest beds re- 
presenting an interval during which soils accumulated and for- 
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ests grew on the older glacial ground moraine. Both the Kan- 
san and Nebraskan drift sheets are tough blue stony clays( al- 
though superficially the Kansan is deeply reddened by long 
weathering. The lobes occupied by the thin sheet of Iowan 
drift have already been mentioned. (p. 372). 

The loess, a yellow or ashen silt or dust deposit, mantles every- 
where the eroded surface of the Kansan and the driftless area. 


UNDERGROUND WATER. 


SOURCES AND DISTRIBUTION, 


“With the wide range of formations exposed in Dubuque 
county the number of horizons at which ground water may be 
found is exceptionally large. 

The drift water beds consist of different sands and gravels 
either separating different drift sheets, inclosed within the 
stony vlay of an individual drift sheet, or resting immediately 
on bedruck. The upper interglacial gravels have long since 
been left behind by the gradual lowering of the ground water 
since the country was opened to cultivation. Drillers state 
that no water is now found between the yellow and the blue 
clays, und the seepages at the base of the loess have also gone 
dry. Only the basal sands of the drift supply stock wells at 
present, and these sands carry little water except where the 
drift is of considerable thickness. Drift wells drawing their 
water from this source are naturally most numerous on the 
slightly dissected Iowan drift plains. Thus about Worthington 
wells are commonly from 100 to 120 feet deep and ‘‘just about 
reach rock;’’ on the Farley lobe of the Iowan drift wells are 
reported as supplied from gravels 135 and 160 feet below the 
surface and covered chiefly by blue till. The depth of wells in 
drift is affected by the varying thickness of this glacial deposit, 
due in part to the preglacial relief of the country. <A strip of 
‘‘deep country’’ is reported in Taylor township, extending 
from southeast to northwest and running out northwest of Ep- 
worth, the drift here being 100 feet and more in thickness. 
West of Bankton rock may be covered with 70 feet of drift with- 
in 1,000 feet of its outcrops. In Epworth rock is reached at 35 
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feet in places on the low ridge at the west end of town, whereas 
at the east end the drift is 135 feet deep. In places, as on the 
ridges about Farley drillers report a stiff unctuous clay five or 
six feet thick, resting on rock. This is probably the red residual 
clay to be looked for on ancient weathered limestone surfaces, 
and to the driller it is a far less desirable formation than the wa- 
ter-carrying glacial gravels that in many places rest directly on 
the rock. 

The Niagaran is the chief water bed of the county in the 
southern and western parts. The well records give no section 
of the formation as more than 135 feet, although the measured 
outcrops give a thickness of somewhat more than 200 feet. 
No special horizons within this thick body of dolomite have been 
noted at which water can be expected. Where local conditions 
permit its ready drainage, as on the long spurs along its border, 
water will be found, if at all, only at its base. Back from the mar- 
gin, where, owing to lack of dissection, ground water stands 
high and the larger part of the dolomite is waterlogged, water 
may be found wherever the drill encounters a crevice or an 
especially porous layer. | 

Even far within the border of the Niagaran the drill may 
occasionally fail to strike such a crevice or porous bed and may 
reach the base of the formation and enter the Maquoketa shale 
without having found a water supply. If the well is continued 
it should be with the full understanding that this shale is dry 
throughout its thickness of 200 feet and more, and it may be 
necessary to drill some distance into the Galena before finding 
a good water bed. Wells in the Niagaran are reported which 
thus reached a total depth of 400 and even of 500 feet. 

On the ancient weather terrace or peneplain developed on the 
Maquoketa shale about Dubuque, wells do not find water until 
they reach the basal portion of the Maquoketa, consisting of 
earthy non-plastic layers, or the upper thin-layered beds of the 
Galena. 

In the northeastern parts of the county water is found in the 
Galena and Platteville at depths depending on the height to 
which these bodies of dolomite and limestone are locally water- 
logged and on the success of the drill in striking a water vein. 
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At Linwood, Dubuque, a well which entered the Galena at 40) 
feet found water within 145 feet of the surface of the ground. 
Another well at Linwood in the Roman Catholic cemetery was 
sunk to 312 feet, some water being found at 190 feet. On the 
bluffs at Dubuque the ground-water level stands about 150 feet 
below the surface, lowering, however, toward the river, as seen 
in the Fourteenth Street mine. In this area a number of wells, 
about 100 feet deep, are used for cesspools, the contents discharg- 
ing freely into the ground water, from which house wells in the 
same district are supplied. Northeast of Sherrills Mound, an 
outlier of the Niagaran, wells run about 200 feet in depth, find- 
ing their supply in the Galena and Platteville. 


The Saint Peter, the lowest water bed except those of the 
deep artesian wells of Dubuque, is tapped only near Mississippi 
river in the northeastern portion of the county. Thus, on the 
Peru bottoms the 160-foot well of William Cavanaugh (SW. 4 
SW. % sec. 35, T. 90, R. 3 EH.) struck light yellow water-bearing 
sandstone six or seven feet thick, beneath 154 feet of alluvial 
quicksand and gravel. 


The alluvial deposits outside of the broad flood plains of the 
Mississippi are so small in extent that they hardly need men- 
tion. An interesting belt of country where water is obtained in 
river deposits is that of the Couler valley, which extends north- 
west from the city of Dubuque to Sageville. In this ancient 
abandoned river channel driven wells furnish sufficient water 
for household and ordinary farm uses. The deep well at the 
works of the Dubuque Malting Company shows that the alluy- 
ium in this valley is 117 feet thick. At Eagle Point, Dubuque, 
the well of Amos Bailey, on the flood plain of the Mississippi, was 
sunk through 160 feet of alluvium before striking rock, the 
total depth of the well being 170 feet. 


SPRINGS. 


The two best-marked spring horizons in Dubuque county are 
at the summits of the Maquoketa shale and the Decorah shale. 
At both these horizons ground water is arrested in its descent 
by an impervious floor of shale and finds way to open air wher- 
ever the basal strata of the limestones are trenched by the chan- 
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nels of surface drainage. The large quantity of water gathered 
and the easy solubility of the limestones, which permits the 
opening of passageways of considerable size, give rise to cop- 
ious springs. Along each of these horizons the spring may not 
mark the exact line of junction of two formations; it may lead 
out through talus cloaking the hillside to issue from this loose 
rock waste at some lower level than the summit of the shale; or 
it may issue at some higher level than the shale, owing to the 
devious windings of the subterranean passages dissolved in 
limestone. 

Of less importance is the Niagaran dolomite. Springs are 

found issuing from its crevices along the North Fork of the 
Maquoketa. 
- These water beds are cut by the valleys of the streams in 
almost every section of the northeastern part of the county, and 
springs are correspondingly numerous. The perennial flow of 
the Little Maquoketa is due to its supply by springs issuing 
from, the summit of the Maquoketa shale, which takes its name 
from its outcrops along this stream. On the other hand, the 
next stream to the south, Catfish creek, which drains the plain 
developed in the Maquoketa shale, goes dry each year for lack 
of springs within its catchment area, although this is large 
enough to give rise to torrential and destructive floods from the 
run-off of heavy rains. 

Among the more important of the springs of the county may 
be mentioned that at Washington Mills, which issues at the ex- 
act contact between the Niagaran and the Maquoketa; a large 
spring near Rochester; one in section 4, Georgetown township ; 
and the springs issuing along the bluffs of the Mississippi which 
supply the villages of Spechts Ferry and Waupeton. 


CITY AND VILLAGE SUPPLIES. 


Cascade—Cascade (population, 1,268) pumps water from a 
spring issuing from the Niagaran dolomite to a tank with a- 

eapacity of 20,000 gallons. The amount used daily is 70,000 
- gallons. The gravity domestic pressure is 56 pounds and the 
- fire pressure 100 pounds. The system comprises one mile of 
mains, 52 taps, and 15 fire hydrants. 
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Dubuque.—The city of Dubuque (population 38,494) is sup- 
plied by artesian wells (Pl. VI), from which 4,000,000 gallons 
daily are pumped to a reservoir and distributed under gravity 
pressure of 45 pounds. There are 63 miles of mains, 363 fire 
hydrants, and 3,300 taps. 

At Dubuque the chief water beds are the Dresbach and earlier 
Cambrian sandstones. The Saint Peter sandstone, Prairie du 
Chien stage, and Jordan sandstone are of minor importance. 
Wells about 1,000 feet in depth tap all reservoirs except those 
below the Cambrian shale underlying the Dresbach sandstone, 
and wells 1,300 feet or more in depth reach the stores found in 
the Cambrian sandstone underlying this shale. If the condi- 
tions reported at the deepest well of the Linwood Cemetery 
prevail throughout the field, no water need be expected below 
1,650 feet. | 

The head of the water of the lower sandstone of the Cambrian 
just described seems somewhat higher than that of the Dres- 
bach sandstone, as seen in the well of the Key City Gas Com- 
pany, where the two waters are kept apart. 


PERMANENCE. 


The first deep wells drilled at Dubuque were put down to 
about 1,000 feet, tapping the Jordan and the Dresbach sand- 
stones. ‘They had a static level of more than 700 feet, heading 
a little more than 100 feet above the lower ground of the city. 
Thus ‘the well.of the Butchers’ Association is reported to have 
headed at 740, the Julien House well at 724, and the well of the 
Steam Heating Company, drilled in 1884, at 704 feet above sea 
level. The enormous discharge of the 10-inch well drilled in 
1888 by the waterworks company at Eighth Street reduced very 
generally the head of the other wells, and later wells from 900 
to 1,300 feet in depth showed a distinctly lower static level 
(Schmidt well, 645 feet above sea level; Chicago, Milwaukee & 
St. Paul Ry. well, 683 feet above sea level). The latest well of 
this class, that of the gas company, had a static level of 667 
- feet above sea level. 

Of the deeper wells tapping the lower sandstone of the Cam- 
brian the initial head of the Linwood Cemetery well was 742 
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feet above sea level, but in 1900 this had declined to 661, and 
the Sixth Avenue well at Hagle Point showed an initial head of 
but 647 feet. 

The use of compressed air in several wells has caused a sud- 
den loss of pressure in neighboring wells, and this lowering of 
static level may be expected to widen in area and increase in 
amount. 

In 1905 several old wells still held their waters up to from: 630 
to 645 feet above sea level, and the Julien House well and the gas 
company well showed heads respectively of 685 and 667 feet 
above sea level. In 1908 the wells reporting in response to letters 
of inquiry showed heads not exceeding 625 feet above sea level, 
except in one or two doubtful cases. 

The early failure of some of the wells points to defective or 
deteriorated casings, but the general loss of head, a loss in 
several wells sudden and coincident with the completion of new 
wells of great capacity on low ground or with the installation 
of air lifts in other wells, finds its cause in a general lowering 
of static level due to overdraft. For this condition there is no 
remedy except the partial one of restriction of outflow so far as 
possible. Wells in plants not in operation should be closed, and 
lateral escape of waters through defective casing and through 
channels opened in the rock where the well is not cased should 
be prevented by keeping all wells effectively cased to the chief 
aquifers. 

WELLS. 


The Butchers’ Association well has a depth of 1,000 feet and 
a diameter of 8 inches to the bottom; it is cased to 300 feet. 
The curb is 607 feet above sea level. The original head was 133 
feet above the curb and the head in 1896 was 41 feet above the 
curb. The original flow was 580 gallons a minute. No record 
of the present head and discharge has been obtained. Water 
was first tapped at a depth of 600 feet and gradually increased © 
tothe bottom. The temperature is 56.5° F. The well was com- . 
pleted in 1887 by J. P. Miller & Company of Chicago. 

The Lorimer House well has a depth of 1,057 feet and a dia- 
meter of 5 inches. The curb is 652 feet above sea level. The 
original head was 57 feet above the curb and the head in 1896 
approximately at curb. The original flow of 400 gallons a min- 
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ute had ceased in 1906. ‘The well was drilled by J. P. Miller & 
Company of Chicago. It has not been in use since 1892. 

The Julien House well had an original depth of 896 feet but 
was deepened in 1898 to 1,660 feet. Its diameters are 12, 6, 
and 5 inches, cased originally to 212 feet. The curb is 615 feet 
above sea level. The original head was 109 feet above curb; 
head in 1896, 97 feet above the curb; head in 1905, 70 feet above 
the curb. The original flow was 480 gallons a minute. The 
well was drilled in 1872 by J. P. Miller & Company of Chicago. 

Before the well was deepened the flow had ceased. ‘The 
sinking of the city wells had no influence on the flow, but the 
first night that the air compressor was set working in the city 
well, about 11 blocks away, the Julien House well discharged 
about two bushels of sand. 


Driller’s log of Julien House well at Dubuque. 




















Thick- 

ness Depth 

Feet Feet 
Roose material £2: 2255...243 Se ee ee ee ee eee 210 210 
Sandstone .~c- 22 e saat eee ee hese oe ee 160 370 
Marl 32.22 i eS eee ee ee ee ee eee 66 436 
Sand, ih and. limestone; mixed. 2 2 Se eee eee 50 486 
Sandston stack. st 2Le 6S Sede ccie feiss eS er eee 60 546 
Rarentone oe wa ein am ich ein ses ante ek bs aes em ea as Soa ele olioe ee ee  e ml 105 
Marl, (red 22-2520 co tn eee ae a oe tee eee 40 691 
Shale, sandy | ie ed ennai ek sc sacs ee na oe nen ec eases tae ee as ae oes ea ee 46 737 
Marl} red. ooo i en ccc ccnab eeece ewan som cease ee neni iee aes sacar aes eae 7 744 
Sandstone we wi ce eam en ca ae ea rote oe oe i pe ae es a eae ee 141 885 





The Linwood 1 Coke well No. 1 has a depth of 1,765 feet. 
its curb is ‘approximately 776 feet above sea level and its 
original head was 23 feet below the curb. The well is now 
pumped with a cylinder 200 feet below the curb. 

The Linwood Cemetery well No. 2 has a depth of 1,954 feet 
and a diameter of 8 inches to 1,000 feet and 6 inches to bottom; 
casing to 1,025 feet. The curb is 706 feet above sea level. The 
original head was 36 feet above curb; head in 1896, 1(?) foot 
above curb; head in 1900, 45 feet below curb. The original flow 
was 40 gallons a minute; flow in 1896, 20 gallons a minute; well 
now pumped. Water from a depth of 100 feet rose nearly to 
the surface. The first rock flow was at about 1,250 feet and 
gradually increased until drill reached a depth of 1,650 feet, 
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below which no water was found. The well was completed in 
1891 by J. P. Miller & Company of Chicago. 

This well is sometimes obstructed by a ‘‘fibrous sediment”’ 
which may be Crenothrix and which is removed by churning an 
iron rod in the tube. At times this treatment has doubled the 
diminished flow. 


The J. Cushing factory well has a depth of 965 feet and a 
diameter of 7 inches to 60 feet, 5 inches to 190 feet, and 4 inches 
to bottom; cased to bottom. The curb is 642 feet above sea 
level. The original head was 31 feet above the curb and the 
head in 1896 at curb. Water comes from 600 feet and lower. 
The temperature is 60° F. The well was completed in 1888 by 
J. P. Miller & Company of Chicago. 

The Packing & Provision Company’s well has a depth of 955 
feet and a diameter of 8 and 6 inches; cased to 200 feet. The 
eurb is 607 feet above sea level. The original head was 55 feet 
above the curb; head in 1896, 50 feet above curb; head in 1905, 
23 feet above curb. The original flow was 340 gallons a minute, 
the present tested capacity, with pump cylinder 16 feet above 
curb, is 90 gallons a minute. The well was completed in 1889 
by J. P. Miller & Company, of Chicago. 

The Consumers’ Steam Heating Company’s well has a depth 
of 802 feet and a diameter of 4 inches. The curb is 617 feet 
above sea level. The original head was 87 feet above curb and 
the head in 1896 at curb. The original flow of 260 gallons a 
minute had ceased in 1896. The water comes from depths of 
303, 480, and 780 feet. The well was completed in 1884 by J. 
P. Miller & Company, of Chicago. 
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Driller’s log of Steam Heating Company’s well at Dubuque. 




















Thick- 
ness Depth 
Feet Feet 

Depth to; roek (alluvium) +255 Ss ee eee eee 165 165 
Sandstone» 4s5- 2c. eo ee a ee fois 171 
Sand and whale? 2222... 5 ek eae eee a ee eee ee 5 176 
Dimestone, a white! 2... 22. ee ne eee er 128 804 
LIMestone ceOTAY | o226 <n 5 - n e  e  e e e  e ae 346 

Sand and lime (inspection of the tube shows that this includes a cherty 

limestone, perhaps arenaceous ray imestone, and lowest a brown 
ccherty ARENACEOUS. LIMESTONE 135 481 
SBHGETONG, “DIOWN | oases se ea te pe eee 20 501 
VEILS TOW i icine cnn se ns a ep ee 3 504 
Sand and [ime fsa ne ee eo ee 10 514 
BSAC UGTO ie wes we wa — oe 62 576 
DIR 5210: eed ee an ee eee A lB eee eA ape) De Se ee Se ke eh 18 594 
Marl, red ~~ -~-- =. 2-2 en ss ee ene 87 687 
BHA BONGy, LTCC fan nee ee ee ee eee 64 745 
Marl x60 0 oe Ss ir a we 10 755 
Sandstone, cream) yellow ©2222. ee oe See ee oe ee 47 802 








The Schmidt brewery well (W. Weiss Beer Company) has a 
depth of 886 feet and a diameter of 8 to 6 inches; 8-inch casing 
to 80 feet, 5-inch casing to 120 feet. The curb is 630 feet above 
sea level. The head in 1896 was 15 feet above curb; the present 
head is below curb; water rises nights and Sundays. The well 
now pumps 35 gallons a minute with the cylinder set 16 feet be- 
low curb. The water comes from depths of 500 feet, 700 to 800 
feet (main flow), and below. The well was completed in 1891 by 
J. Bicksler, of Dubuque. 


Record of strata in Schmidt brewery well at Dubuque. 


Depth 
in feet 

Sand and “gravel ..2-2.cecccncee ee eee tee eae eee ae ee 25 
Sand; yellow | --=s2-.--s-sccesc. Shek ee ee ee ee eee 30 
Sand; “reddish .2.222..2.25cbsecee wes don See eee oe Se ee a 56 
Dolomite, buff; aspect. of \Galenace. 3 se ee eee eee 60-65 
Limestone, dark bluish gray and. bwin. oe eee eee so 
Limestone, magnesian, or dolomite; dark drab, mottled with lighter color; 

in small angular fragments, residue after solution large; argillaceous, 

siliceous, and pyritiferous; three ‘Samples 2-02-2222) uo eeee eee 100-114 
Sandstone, white, moderately coarse; grains rounded, smooth, and com- 

paratively ‘uniform In S1iZ@) cicSses-a5ne eee ee ee eee eee ee 126 
Dolomite, light yellow-gray, nearly white, with much sand in drillings_--. 140 
Sandstone, ‘as at. 126 feet. s.ns oso seek ne ree eeess eden ae eee ee 156 
Dolomite; drillings chiefly Chérte.2.22022-5-— 6. oon aera aes en ee eee 189 
Dolomite, gray, highly cherty ‘at 250 feet....--- 2.022262 esac a eee 210-250 
Sandstone; white, many grains faceted; some dolomite cuits in drillings-__ 254 
Dolomite, light buff, in fine sand, with chert and quartz sand-_--.--..------- 258 
Sandstone; white, with calcareous cement- i288 aoe eee eee eee 267 
INO (SGI DLGS eee ace en ee ea wa a a a one ee eee See 267-426 
Dolomite Duily cherty ‘= 222028 a See ae ys ae ee 426 
Dolomite, brown; chippings splintery; mostly of flint with some of drusy 

QUarty senna ae ee Pe eso ee ee ee eee ee ee 430 
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Sandstone, cream yellow, moderately fine, calciferous as shown by dol- 


omite and cherty material in drillings; three samples-__-_--_-_--__-_______ 465-474 
Hermite sul; in fine sand, with some quartz sand ...._-~----2..2_.-.______. 478 
Sandstone, light reddish yellow, fine, calciferous--_-..---..._---......-....____- 535 
Pmireine tine buff sand and gray chips_..----.-.-..---+-----.-...-----..---. 581-58414 


Shale, highly arenaceous, glauconiferous; in chips which pulverize into 

reddish yellow powder at 632 feet and reddish brown at 636 feet, quartz- 
DPPeteeerrot mI Crosoopic aid aneular —oo22- ns oes nace eo sean none ndenns. 632-636 

Dolomite, highly arenaceous, glauconiferous; in fine brown angular sand 
maoteeteand in coarser sand at 726 feet.-.--....-21.---26-3------ss- enews -- 724-726 
Sandstone, yellow; grains moderately fine, the larger rounded and smoothed 730 
Sandstone, pure, white; grains rounded, moderately fine---..-.-----.---_----._ 841 


The Bank and Insurance Building well had a depth of 973 
feet, but was deepened in 1900 to 1,380 feet. Its diameter is 
8 to 44%4 inches. The casing extends to 150 feet, and also covers 
50 feet of shales below 200 feet. The curb is 638 feet above sea 
level. The original head was 10 feet above the curb; the present 
head is 3 feet above curb (water pumped to tank on roof). The 
original flow was 120 gallons a minute, which increased in 1900, 
after deepening, to 125 gallons a minute. The first flow was at 
a depth of about 900 feet. Temperature, 61° F. Date of com- 
pletion, 1894; drillers, J. P. Miller & Company, Chicago. 

The HE. Hemmi dairy well has a depth of 973 feet. The curb 
is 627 feet above sea level. It was completed in 1895 (?). 

This well stopped flowing on the starting of the air com- 
pressors of the malting company. It is now pumped by a wind- 
mill, 

The Dubuque Brewing & Malting Company’s well had a depth 
of 999 feet, but was deepened in 1904 to 1,165 feet. Its diameter 
is 8to6inches. The curb is 624 feet above sea level. The well 
was completed in 1895 by J. Bicksler, of Dubuque, and was 
deepened and recased to 450 feet in 1904 by J. P. Miller & 
Company, of Chicago. No definite facts are obtainable as to 
head and discharge. The original flow was received in a reser- 
voir from which it was pumped throughout the brewery. The 
fiow ceased when the air compressors of the city wells were in 
use, and an air compressor was installed to pump the well, 
whose capacity was estimated at 150 gallons a minute. The re- 
pairs made by deepening and recasing the well in 1904 are re- 
ported as having been very beneficial, but the increase in flow 


25 
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or pressure is not stated. In 1908 the head was six inches above 
the curb, the flow being increased by the use of the air com- 
pressor, 


Driller’s log of Dubuque Malting and Brewing Company's well. 

















Thick- | 

ness Depth 

Feet Feet 
Surface vmaterial ..--2-. ee ee eee 117 
TAmestone = 6 6 -  ek e ere  e 33 150 
Sisal) ey) (o) oe er i ai Laine Oe Oa a oi fee ee A 16 225 
cavestones oe... MAS BOG EE Eee S. ieee 295 | 450 
No record 223.2. ee a Re SR ee ee eee 533 983 
BH AIG ice oe ie ne ies Sok ee aces ee or ee 45 1,028 
Marl, Iréd) . 25.2 oo Se eee ee ee 1,030 
Sandstone: W 2 = nn on 8 oe a ee ee sr 135 1,165 








The Tae Cie Gas ouput S uf af has a depth of 1,310 feet 
and a diameter of 10 inches to bedrock (116 feet), 8 inahiae to 
562 feet, 614 inches to 1,070 feet, and 5 inches to the bottom; 
casing, 10 inches to 116 feet and 4 inches from curb to 1,118 feet. 
The curb is 619 feet above sea level. The original head was 
48 feet above curb; head in 1905, 48 feet above curb. The origi- 
nal flow was 400 gallons a minute. Water comes from depths of 
1,000, 1,118 and 1,310 feet. Temperature, 60° F. The well was 
completed in 1900 by J. P. Miller & Company, of Chicago. The 
waters of the higher water beds rise through the outer casing 
and those of the lower through the inner. The lower waters 
have the higher head, but the difference is variously reported. 
It is stated that on the completion of the well the flow of other 
wells in the city was diminished and some of the shallower wells 
ceased to flow. In 1905 the two flows had become mingled through 
corrosion of casing. 


Driller’s log of Key City Gas Company’s well at Dubuque. 




















Thick- , 

ness Depth ; 

Feet Feet _ 

Surface:-material 22.22. 2 ee eR ee eee 67 67 
Limestone: (shellyinecs22 2528 see ee ee a ee eee 49 116 
Limestone or shale nso 50 ee ere er ree ere re eee ee 34 150 
Shalo, Asandy 702i 2 2 tk i oe ee a ee ee ee eee 320 470 
Shale; *red« and:.caving’ Tock: 2202 Se ee eee eee 75 545 
Limestone: e282 oe ae a ee ee eee oda en eee 100 645. 
Shialé tak n oo asa ene ee ek eda a eS one eee wean eee pnamuae neater 45 690 
Sandstone® 3.82. SoS eS ee 295 985 
SST ea Le 5 eT ya a a ao ar a a ee Par nares ee eee 115 1,100 


Rock, hard and soft BEVOQKD onsen nA cc ke a ee 210 1,310 
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The Chicago, Milwaukee & St. Paul Railway wells are two in 
number, each with a depth of 1,263 feet. The curbs are 607 feet 
above sea level. The original heads were 76 feet above curb; 
heads in 1905, 28 feet above curb. The well No. 1 was com- 
pleted in 1898; it flowed 60 gallons a minute. 

City well No. 1, Eighth and Pine Streets, has a depth of 1,310 
feet and a diameter of 10 inches; casing, 400 feet. The curb is 
607 feet above sea level. The original head was 46 feet above 
the curb; head in 1905, 23 feet above curb; head in 1908, 3 feet 
above curb. The original flow is unknown, but the flow in 1908 
was 100 gallons a minute. The water came from depths of 500 
and 1,310 feet. Date of completion, 1888. 

The Eagle Point north city well has a depth of 1,308 feet and 
a diameter of 12 inches; 12-inch casing to 400 feet. The curb 
is 625 feet above sea level. The original head was 24 feet above 
eurb, and the head in 1905, 20 feet above curb. The flow in 
1905 was 300 gallons a minute; flow in 1908, 230 gallons a min- 
ute; capacity under air compressor acting at 300 feet in depth, 
805 gallons a minute. The first flow came from 800 feet. The 
well was completed in 1899 at a cost of $2,600. 

The Eagle Point south city well has a depth of 1,306 feet and 
a diameter of 12 inches to 900 feet, 8 inches to bottom; casing, 
8 inches to 1,000 feet. The flow in 1905 was 265 gallons per 
minute, and in 1908, 120 gallons a minute; capacity under the 
air compressor, 290 gallons a minute. The head was the same 
as that of the north well. Date of completion, 1899. 

The Eagle Point Sixth Avenue city well has a depth of 1,927 
(or 1,908) feet and a diameter of 4 inches; 4-inch casing to 450 
feet. The original head was 22 feet above curb; head in 1905, 
11 feet above curb. The original flow was 135 gallons a minute. 
Temperature 61° F. The well was completed in 1900. 

The use of the air compressor in the north well stops the flow 
of the south well; in 1905 its use in the north and south wells 
reduced the flow in the Sixth Avenue well to one-third its nor- 
mal discharge; the effect on the distant Eighth Street well is 
said to be slight. 
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An unpublished log of the waterworks well at Galena, Illinois, 
is here presented for comparison with the logs of wells at 
Dubuque . 


Driller’s log of well of waterworks at Galena, Illinois. 

















Thick- 

ness Depth 

Feet Feet 
Surface material | .u.. 2.2 esses ee ee ee ee 
RATIOS FONG cn Se Sa aS a oe ede tm es ee 95 160 
Sand, white, water, rst flow (Saint, PéteP)s.s82 22 ee eee 165 265 
Marks) TOG jo a= oc eo ee ee he re ae Se ee 49 305 
Sandstone, white, water 22.2220 2c 22 Se ae) ee ee ee eee 222 527 
TEIMeRtONS, SANAY <ascncaecleSeaecncas soca ae eae ee ee ee 80 607 
Shale; sandy” 2.22... 5 ee ee eee 28 635 
Timestone, sandy <-2.-2222)5 ee eee 50 685 
Sand; white, water << -o 2 Sire ae ee ee ee capes Oye 3 2 28 913 
Sand. ‘and. limestone .~-<--. 2 ns a ee ee ee eee 12 925 
Sand, white,- water. 222-2 Ses 20 a ee ree ee emer eee Dee a> 645 1,570 








Dyersville—The water system of Dyersville (population, 
1,511), owned by the city, obtains its supply from a 5-inch 
drilled well, 384 feet deep, entering rock at a depth of 2 feet. 
Water heads 150 feet from the surface. The chief water bed 
is found at 136 feet in Niagaran dolomite. Water is pumped 
by gasoline engine to a tank, whence it is distributed under 
gravity pressure of 45 pounds through 1 1-6 miles of mains. 
There are 30 taps and 20 fire hydrants. 

The Saint Peter sandstone should be struck at about 260 feet 
above sea level, or 681 feet below the surface, and the Jordan 
at about 150 feet below sea level or about 1,090 feet below the 
surface. A well sunk to 250 feet below sea level, that is, to about 
1,100 feet from the surface, should give a supply ample for the 
town so iong as the well is kept in good repair. The water 
from the deeper beds may be expected to stand about 150 feet 
below the curb, but the upper waters, which will be found in the 
Niagaran, Galena and Platteville limestones, will come much 
higher and increase the head. The cylinder of the pump should 
be placed low enough to draw on the deeper waters after the up- 
per limestone waters, which will be less in amount, have been 
pumped off. 

Minor supplies—Information concerning the supplies of 
some of the smaller places is contained in the following table: 
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Village supplies in Dubuque County. 

















M4 

Depth of Wells e 8 

ced a ee ®o i] 

=| oa ° 

Village Nature of Supply | ° Hees + 

| g Bives tS 

| oO | 8 AS A, 

u ° ° oF o 

& H oO QA =) 
Feet | Feet | Feet | Feet | Feet 

emiard: =.2...--.. Dey erste ene? | 80600 I) 1204) 7 100 12 
PMEFANSO 2. - =... Gisterns' and wells..|- 80°)" 185 | 180: }-<....j-.-.- 
TEE eee ra haemo qe nnan -|aoaaaclemenae|aeenas oe ASE ee ike 
eee | Drilled wells........- CO ee ie ee tee ee 15 

( -Peosta Aa ee A a ee A816 586 eL50. Ne need 25 

‘ 
Bpechts Merry .__.|Springs ---.-..-..-_- ee ieee eres ese mete a! 
on) oA Se es 24 315 120 120 |§ 300 
2 185 
Waupeton --_---_- NO VCTU GTS) sect fa (a ga | Se eee PA 
LE 2 Ee cee rear oe eta 100 Wastoree hanes oe 
Worthington --_-_|Drilled and open| 30 60 60 60 25 
wells. 























Springs 








None. 
Large and small. 





Small, 
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WELL DATA. 


The following table gives data of typical wells in Dubuque 





























county : 
Wells in Dubuque County. 
M4 
i>) 
° 
+7 
: = ° Source of Remarks 
Owner Location a - Supply (Log given in feet) 
= ~ Lo} 
| 2 ae 
| o o o 
A} A ss} 
| j 
T. 88N., RL1E Feet | Feet Feet 
(Vernon). ' 
MIa eine 2. .5.-. WV Tae SOC.10) CINDY tetecc pests. Aoesce coc aec seca High ground. 
Peneemrocssel---2-)5 W .~4 SW. 4 sec. 7} 200 |--.--.|.....-.....--.--.... —160 
Deemer ents —-2-( SW. Sils.4 sec. -12) 400 |-2-21)~..L__--. =. --a.--|ecenen Dolomite, Niagaran, 
60; Maquoketa shale 
and Galena _ lime- 
Pees tes 2. stone, 340. 
(Dubuque). 
ipaerechen 422s. 2c|Oentralia —........ DOD en ees ne a oer —190 
em ELOMINS. oo o-oo) anno 0 W.-----n--- 20h) ee a eee ee ee — 40 
T. 89N., R. 1 W. 
(Iowa). 
~- e Tivoli, sec. $.-=...| 140 66 | Limestone___..--.-|_-...-|Yellow clay, 10; blue 
ae 56; limestone, 
2 = BIE RLOME eater ec ed (Doon aa|ceone noes aoe teens once |Drite: sand - Niagaran 
| ; dolomite to Maquo- 
keta shale, 175 feet. 
Clement Meyer__..|SW.% NE.% sec. 83} 160 Tot ce eee eeten coal tae Rather high ground. 
L. H. Fangmann_|NE. 4 SW. 3 sec. 8} 16€ |------ Gravela ooc ao ceeslooe ee All sand to gravel. 
©. Fangmann.----|NE. 4 SE. 3 sec. &| 208 70 |Limestone-+...-.-2|-=2..- Yellow clay to rock. 
ee eee aes Kidder. .--.....---| 86 5 |\Omahale se cose see as u a Low ground near 
creek. Reddish sand 
and clay, 20; lime- 
stone, 20; shale, 46. 
neue 224) Witles northwest}, 160 |-..-..|_...2---- 2-2 sit aoe} a Ridge. Maquoketa 
of Epworth. { shale penetrated, 60. 
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Wells in Dubuque County—Continued 














| ) 
| oO 
@ 
| mH 
; ° Source of Remarks 
ee 
Owner Location & ‘al Supply > | (Loge given in feet) 
Bat fe 3 
} o o o 
=e se] 
We Se Nay tus 2, W Feet | Feet Feet | 
(taylor) | 
— Bennett__----- 1 mile north of Ep-| 112 |......|--..-—........-....|___. 2 /Mostly ea) sand eeeeine 
worth. | stone, 5. 
Geo. Freeman-_----|4 miles southwest} 155 |... Ou) sale; a-<essos ,— 95 Yellow clay, 30; blue 
of Epworth. | clay, 60; limestone, 
40; shale, 25. 
Aug. Krogmann.-|SW. 4 SE. 3 sec. 7| 500 |_-..-_|-.---...._._.__..-2_}__-_ | High etl Drees 
| | limestone, 100; shale, 
840. No water. ‘, 
Geo. Graham-_---.- 14 miles southeast | 450 C6 lose so acce ance ween eee Ridge. Yellow clay, 40; 
of Graham. blue clay, 26; lime- 
stone, 110; shale (Ma- 
quoketa), 254; hard 
gray limestone, 12; 
shale, 8. 
— Harns.-.------ East end of Ep-| 187 | *185 |Liméstofie.<.2. lo eet Drift, nearly all sand, 
Worth. 185; Niagaran dolo- 
mite, 52. 
M. M. McDermott|14 miles south of} 115 |_--_-- Gravelu2o2eeeen ase -..---|Yellow clay, 20; blue 
Epworth . clay, 87; gravel, 8. 
My... Quirrin- a | Sees die eee 250. |. 190 omc anee a Coee eee arenes 
N. Bradfield ------ Sees. 12 eo 1401 180 eeneuns tent cqeataeee —100 |Blue till from 40 to 135. 
1. Smith ss-s-s.55 Seer 22 st ieee eas 83 65 |...--..-..-..-...---|_--...|Black drift into wood 
above rock. 
ds HLAlYy Seadoo SeC.7 4 concseeeene 195 | °190 |-2-25= <L 26. _2t eee Mainly yellow till and 
sandy material to 
rock with some 
“black clay.” 
Geo. Banerich-----|SW. 4 NE. 3 sec. 31] 220 85 |Limestone-.—_-22.|22222 Drift, 85; Niagaran 
dolomite, 135, 
T 88 Nu. Roa Ws 
(Dodge). 
bests nonce esneeenee 2 miles northwest} 135 |_-_.-_|Gravel_--.------_--|--.---|Nearly all blue clay to 
of Farley. gravel. 
— Martin----._.- 13 miles west of| 160 |_-_--_|------ (i (epee per -----|Blue clay to water bed. 
Farley. 
J: N. Crapp.- 22-3 |SeCaw il wee eee 1027); 302.|9.2258e eee earns — 66 |Mainly yellow till. 
F, Funke: 4 See.ud. i022. 22 | hbase ee eee — 54 }67 feet of blue-black 
till on rock, 
Aug. Coopman----|/2 miles south of | 300 6) | SSS se ceeeea lee High ground. Drift, 
Dyersville. | 6; Niagaran dolo- 
mite, 100; Maquoketa 
shale, 194; ends in 
shale. 
TOWN Gat ccccn bac Worthington -----. 56 80 |Limestone__..-_-_- — 18 |Diameter, 5% inches. 
Depth to water sup- 
Tp. 90. N.,.8.)1 5 W ply, 50. 
(Concord). 
John Frietmann-|NE, 3 NE. 3 sec. 16) 164 |_.---. Sand and gravel__|_-_--- — sone clay to wa- 
er bed, 
Nicholas Smith----iSE. 4 SB, 4 sec, 82)" 200 |--- 2 -|2 a ee eee pn Maquoketa 
shale 
(PaVS8 Nits doe 22 koe 
(Table Mound). 
GQ.) Bhrsam_i.=s-|NW. 2 se0.0 Sse e a coe ca age Sand and gravel_-_|_.--._|Valley. Mostly soft 
quicksand; rock not 
TeSOUNs. ves Be reached. 
(Center) 
ee ew hee Oentralia .2..2:-:.| 250 |<. e|o neces cc ccd cco nc|- noc] DTA be eee 
blue shale, 220. 
H. Calahan----=-- DOC. Rorewene eases SIGHCE. Wl seen cedeabtnedacs —3898 |Altitude, 1,150 feet; 32 
feet of drift. 
Baek hd eee See. (7) wavancescun ca ele 60 |__.... do --....--._|--....|Yellow and blue clay, 
| 60; limestone, 52. 
Pr. 80:N., BR: 2 W. 
(New Wine). | 
—— Mayberry----- 24 miles northwest 92 BE Names (6 (oe ee ger te — 52 |Yellow clay, 12; blue 








of Farley. \ 





























clay, 20; limestone, 
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FAYETTE COUNTY 





BY W. H. NORTON. 





TOPOGRAPHY. 


Lying near the margin of the driftless area, Fayette county 
includes two types of topography, each of which exercises a cer- 
_tain control over the distribution of ground water. The north- 
eastern part of the county—the area lying east and north of 
West Union and Fayette—is a land of hills, some of which are ~ 
400 feet high, carved by streams from an upland about 1,200 feet 
above sea level. Here the Kansan drift is thin and the topo- 
graphy of preglacial time is not effaced or even masked. Over 
the remainder of the county the preglacial hills and valieys 
have been deeply buried beneath drift, and the latest ice sheet 
to invade the region, the Iowan, has molded the surface to a 
gently undulating prairie. In this prairie region ground wa- 
ter stands high, feeding the streams of the shallow valleys with 
oozes along their banks; in the rugged country of the northeast- 
ern part ground water stands low and must be sought by wells 
at levels approximating those of the bases of the hills, where it 
issues in copious springs. 





The divide between Volga and Turkey rivers reaches an ele- 
vation of 1,280 feet above sea level; the lowest valley floors de- 
scend to 775 feet above sea level. The two areas are roughly 
sketched in any road map of the county. In the dissected area 
the crooked highways follow around hill and up winding valley 
and along the sinuous ridge tops; on the prairie of the younger 
drift they adhere to the section lines undeviatingly. 

The broad, flat valleys of the streams of the dissected area 
form a topographic type of special interest in this investigation. 
Their width, which commonly reaches a mile along Volga and 
Turkey rivers, is an expression of an advanced stage of de- 
velopment due not only to their great age, but also to the weak 
rock, the Maquoketa shale, in which they have been worn. 
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GEOLOGY. 


Pleistocene drift deposits mantle the entire county. In the 
hilly northeastern part they are thin and almost negligible from 
the present viewpoint. Over the prairies of the county they are 
thick. The great bulk of the drift belongs to the earlier drift 
sheets, the Nebraskan and the Kansan. The Iowan drift forms 
a veneer on the older drift over about two-thirds of the county. 
Outside of the Iowan area the stony clays of the drift are 
mantled with a fine yellow silt called loess. 

The well driller does not distinguish between these superficial 
deposits, nor is their discrimination easy in the contents of the 
slush bucket. Yet valuable data may be obtained by noting the 
depth at which the gritless yellow loess passes into the ashen 
loess beneath it or into the sands which in a few places underlie 
it, or into the brighter yellow stony clay of the weathered Kan- 
san. The place and thickness of the sandbeds which locally in- 
tervene between the Kansan and Nebraskan should also be 
noted. At the same horizon (Aftonian) will be found in places 
old soils, deposits of peat, and forest beds, whose dark and ill- 
smelling products are recognized at once. The driller should 
also note the depth at which the weathered reddish or yellow 
KKansan ‘passes into the blue unoxidized and tougher stony clay 
of the unweathered basal portion of that drift. 

Several members of the Devonian system, differing lithologi- 
cally one from another, are exposed in different places in the 
central and western parts of the county, as in the deep railway 
eut at Fayette, but their discrimination matters little in this 
investigation. | 

The Niagaran dolomite (Silurian) appears in the cliffs along 
the valleys of Turkey and Volga rivers and forms the bedrock 
in parts of Illyria, Dover, Auburn, Union and Westfield town- 
ships. Covered by heavy drift, it is supposed to underlie the 
southern townships. The rock is for the most part a buff dolo- 
mite, although beds of gray nonmagnesian limestone occur lo- 
cally. The measured outcrops do not exceed 70 feet. 

Because of its impervious shales, the Maquoketa (Ordovician) 
exerts a strong influence on the distribution of ground water. 
The formation includes a basal member nearly 100 feet thick, 
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made up of shales and clayey limestones, a middle member about 
fifty feet thick composed of cherty magnesian limestones, and 
an upper member, a plastic bluish shale, whose thickness may 
reach 125 feet. These beds form the surface rock over Clermont 
and most of Dover townships, and over the northeastern part 
of Auburn township. They form the bedrock of the valley floor 
of the Volga to three miles north of Lima, of Turkey river to 
its junction with Crane creek, and of Otter creek to a point 
within two miles of West Union. 

The 70 feet of the upper beds of the Galena (Ordovician) ex- 
posed in the county are nondolomitic limestones, light gray in 
color, and may be recognized by the driller by these charac- 
teristics, as well as by their position immediately beneath the 
easily determined base of the Maquoketa shale. They outcrop 
along the valley of Turkey river and its tributaries above Cler- 
mont. 

UNDERGROUND WATER. 
SOURCES AND DISTRIBUTION. 


In the northeastern part of the county water is obtained chief- 
ly in the bedrock. The drift is thin, and the loess seldom affords 
a large or permanent supply. Wells encounter, immediately 
above the rock, a stratum of residual flints several feet thick, but 
this stratum does not form a water bed, as the flints are set in 
impervious red residual clay. In Clermont and much of Pleas- 
ant Valley townships, where the Maquoketa shale forms the 
country rock, water may be found above the blue upper shale of 
that formation, but generally the drill must go to the lime- 
stones of the Middle Maquoketa, or even into the Gelena and 
Platteville limestones underlying the heavy shales of the Lower 
Maquoketa. As the thickness of the Maquoketa is estimated at 
not less than 250 feet, it is not surprising that some of the 
deeper wells of the area are 400 feet deep. 

On the high uplands of the northeastern townships, where the 
Niagaran dolomite forms the country rock, water is commonly 
found at moderate depths, but even here in a few wells the drill 
fails to strike water in the Niagaran, and wells are reported 
which go to the Middle Maquoketa. One west of Wadena passed 
through eighty feet of ‘‘sand rock’? (Niagaran), 155 feet of 
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‘‘soapstone’’ (Upper Maquoketa), fifteen feet of ‘‘dark shale in 
chips,’’ and thirty-two feet of limestone (Middle Maquoketa), 
finding water in the beds last named. 

The wide valley floors of Turkey and Voled rivers form a 


distinct province where shallow wells tap the abundant water of © 


alluvial sands and gravels. 

In the remainder of the county the chief water beds are (1) 
sands and gravels of glacial origin, interbedded with stony clays 
or overlying the rock at different depths from the surface, and 
(2) Devonian and Silurian limestones. In the southeastern part 
of the county, in Fairfield, Smithfield, Putnam and Scott town- 
ships, water is found in the basal glacial gravels and in the 
Niagaran dolomite. Wells vary in depth with the thickness of 
the drift and with the depth in the Niagaran at which a water- 
bearing crevice or porous layer may be encountered. ; 

The data at hand suggest that the drift ranges in thickness 
commonly from 70 to 150 feet. Near Scott, however, some wells 
find water in glacial sands resting on rock at a depth of 170 
feet. Four miles west and one mile north of Arlington the 
same water-bearing sands lie in places about 200 feet from the 
surface. About four miles southwest of Arlington the average 
depth to rock is 150 feet, most wells here finding water on the 
rock or a few feet below the rock surface. Near Taylorsville 
some wells are sunk about sixty feet below the rock surface. 
On the high ridge north of Brush creek ground water in the 
limestone stands low and wells may need to go through 150 feet 
or more of rock before obtaining a supply. 

In the southwestern townships the drift is of considerable 
thickness, although at Fairbank, Maynard and Randalia the 


rock approaches close to the surface or outcrops. In Oran and » 


Fremont townships a common range of from 50 to 125 feet is 
indicated by our reports, wells seldom exceeding 150 feet in 
depth. At Westgate rock is reached at 80 feet and from Oel- 
wein west to Little Wapsipinicon river wells footing in keel 
rock are said to range from 75 to 100 feet in depth. In Jeffer- 
son township the drift is thicker than in Oran, and wells which 
here find water in its basal sands or in the upper layers of the 
underlying rock commonly exceed 100 feet. At Oelwein on the 
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hills house wells are about 145 feet deep and foot in rock, five 
feet being sufficient for reservoir and anchorage for casings. On 
the other hand, in the northwestern part of the city rock lies at 
thirty feet. At the Roman Catholic Church a well penetrated 
sand for sixty feet, whereas wells not 100 feet distant on either 
side struck rock within three feet of the surface. This narrow 
bed of sand runs half a mile southwest to Otter creek. The 
steepness of the rock walls of this buried channel is shown by 
the fact that at a house in the town the excavation for the cellar 
encountered rock at four feet, and a well five or six feet from the 
house wall penetrated sand for sixty feet. 

In Harlan, Center and Banks townships wells find water in 
basal sands and gravels or immediately below the rock surface 
in the Devonian limestones. In Banks township the drift ap- 
parently runs deep and a thickness of 187 feet is reported at one 
locality. A short distance southeast of Randalia rock comes to 
the surface, though immediately at the village it is 90 feet below 
ground. About Maynard stock wells run to depths of from 
40 to 100 feet, and are commonly drilled from five to ten feet 
in rock. | 

In the northwestern part of the county, which is comprised 
within the limits of the Iowan drift plain, the general conditions 
are the same as in the central and southwestern parts. 

A few flowing wells from Pleistocene sands overlain by stony 
clays are reported from the county, but no provinces were 
found of sufficient importance to deserve investigation. These 
flows occur on low ground on a branch of Turkey river in Wind- 
sor township and at one or two points along Otter creek north 
of Oelwein, and on the Little Wapsipinicon. 


SPRINGS. 


Springs are numerous and many of them are copious in the 
northeastern part of the county along the valleys of Volga and 
Turkey rivers. A well-marked horizon occurs at the base of | 
the Devonian, whence some large springs issue near Fayette. 
A still larger contribution of spring water is made by the rocks 
at the summit of the Maquoketa shale, for this impervious clay 
leads the ground water along its surface to open air wherever 
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it is eut by streamways. At Wadena, on Turkey river, several 
springs issue on the hillsides, that of William Sargent being said 
to be 80 feet above the village. The water of one of these springs 
has been piped to the village, but no use has been made of them 
for power. In most of that part of the county covered with 
Jowan drift springs are few and small. 


CITY AND VILLAGE SUPPLIES. 


Arlington—At Arlington (population, 678) water obtained 
from a well is pumped to a tank supplying pressures of 35 to 45 
pounds. There are 2,400 feet of mains. 

Fayette—The public supply of Fayette (population, 1,112) 
is drawn from two eight-inch wells sixty-five feet deep, situated 
at the edge of town on the banks of Volga river. Their joint ca- 
pacity is said to be 500,000 gallons a day, but a run of the pumps 
for not more than one and one-half hours a day is sufficient to 
meet present demands. Water stands fifteen feet below the sur- 
face, and is drawn down to seventeen and one-half feet by pump- 
ing a few minutes. The driller’s log of the wells is as follows = 


Log of well at Fayette. 


























Thick- 
ness Depth 
Feet Feet 
Soil and sand 22-2. sce eee eeees = ae ae ae ee eee es ee ee 30 30 
Limestone; ‘gray, hard 2222-223 225 2 ee ene ee aeanke ethan staent eee 82 62 
Sand SOCK nese asnn Soe eben Cleo ea eahee bh ee ieee sae ame ee eee 3 65 








The sand rock in which the well ends is probably a coarse- 
grained magnesian limestone of the Niagaran; the limestone 
above corresponds with the Wapsipinicon limestone of the De- 
vonian. 

Water is distributed by direct pressure with domestic and fire 
pressures of 80 and 100 pounds respectively. There are 1,300 
feet of mains and four fire hydrants. . 

The summit of the Niagaran dolomite at Fayette (elevation, 
902 feet )is exposed along Volga river near the water line. The 
formation here is probably not more than 75 feet thick. A deep 
well would pass through the Niagaran into the Maquoketa shale, 
which is here about 200 feet thick and includes middle dolo- 
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mitic beds that may carry water under a sufficient head to over- 
flow at the surface. Still more water will probably be found in 
the 300 or 350 feet of the Galena and Platteville limestones, which 
underlie the Maquoketa. The Saint Peter sandstone should be 
reached about 625 feet below the surface. This estimate, based 
on the thickness of the formations, is believed to be more ac- 
curate than one based on the assumed uniform dip of the Saint 
Peter from Elkader to Sumner, which would bring the Saint 
Peter at Fayette about 470 feet below the surface. 


The lower waters can not be expected to overflow, although 
they may rise near the surface, A well or wells sunk to the depth 
of about 675 feet will probably obtain sufficient water for a 
public supply, but the far more abundant stores of the Prairie 
du Chien and the Jordan may be reached by sinking the well 
500 to 550 feet deeper. 

Hawkeye.—At Hawkeye CRooilation. 510) the public supply 
is pumped from a six-inch well to a tank 100 feet high and thence 
distributed through one mile of mains. There are nine fire 
hydrants. The well is 180 feet deep and is cased to rock, which 
it enters at 160 feet. 


Oelweimm.—The water supply for Oelwein (population, 6,028) 
is drawn from four wells, seven inches in diameter and 72 feet 
deep, connected and pumped with a vacuum pump. The capacity 
of the wells is somewhat less than 240 gallons a minute, as by 
pumping at this rate the water is lowered from a head of twelve 
feet below the surface to twenty-five feet below it, and the pumps 
begin to pound. The wells are located in the northeastern part 
of the city on a level with the railway station. Rock was entered 
at sixteen feet, and the main water bed was found in a seam at 
forty feet. The wells are adjacent to a deep well drilled for the 
city but never used. On testing the deep well with a cylinder set at 
150 feet and pumping 250 gallons a minute, the water in the four 
wells was drawn down below the vacuum pump, the water in the 
deep well lowering in corresponding measure. The water in the. 
deep well now rises and falls with that of the four wells, accord- 
ing as the vacuum pump is in action or at rest. 

Water is distributed from a standpipe (capacity, 96,000 gal- 
lons) under a pressure of 60 to 75 pounds. There are eight miles 
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of mains, 55 fire hydrants and more than 600 taps. The amount 
used daily exceeds 200,000 gallons. 

The deep well was drilled for the city some years since by J. F. 
McCarthy of Minneapolis, but nothing can be learned about it 
except its depth, 1,000 feet, and its head, 15 feet below the curb. 
If the dip of the strata in this area is uniform between the near- 
est deep wells on either side of Oelwein, this well hardly more 
than reached the base of the Saint Peter sandstone. Whatever 
the supply of this well may have been, the capacity would doubt- 
less have been increased by drilling deeper to the Jordan sand- 
stone. 

Westgate-——A supply used for fire protection at Westgate 
(population, 232) is obtained from a six-inch well, 98 feet deep. 
Rock is entered at 80.feet. The water bed is limestone at 85 
feet, and the head is 30 feet below the curb. Water is pumped by 
gasoline engine to a tank 90 feet high, with a capacity of 600 bar- 
rels, and is thence distributed through 1,000 feet of mains. There 
are three fire hydrants. 

West Union.—Four wells, 68 to 70 feet deep, situated at the 
base of the north bluff of Otter creek, supply West. Union (pop- 
ulation, 1,652) with about 100,000 gallons of water a day. The 
head of the water is sufficient to carry it over the curb, but over- 
flow is prevented by closing three of the wells with cement. The 
wells are drilled almost wholly in limestone and are evidently 
closely related to the strong springs of this district, which issue 
from the lower beds of the Devonian limestone. The tempera- 
ture of the water is about 51° F. 

Water is pumped by a compound duplex steam pump to a 
standpipe, from which it is distributed with a domestic pressure 
of from 40 to 80 pounds through five miles of mains to 30 fire 
hydrants and 375 taps. The fire pressure is 110 pounds. It is 
improbable that the city will need to seek a deeper water supply 
for many years, but such a supply is obtainable in the Saint Peter 
sandstone, which should be found about 550 feet below the sur- 
face, or in the Jordan, whose base must be at about 1,150 feet. 
Water may be looked for in very moderate amounts in the 
Prairie du Chien stage and the Jordan sandstone. The water 
from these deep sandstones would probably stand 100 feet or 
more below the surface. 
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Minor supplies—Information concerning the water supplies 
of the smaller villages is presented in the following table: 


Village supplies in Fayette County. 





















































= 1 

o® 

= 3 2 seul 

“ on ° oO 

Town Nature of Supply ° P + 2 Volume of Springs 
a) a8) 2 | of 
| 8 | Be] & | 88 

QA (=) | Q a0) 

Feet Feet Feet Feet 

POM ieeeeewetetensa|WENS <cnccccenceenecen.|, 20-40 |.-0-2<0-|----=~-- 16-30 

Brainard) 2 —-..... Drilled wells and ipl See Sa Se eS ee Small 

springs. 

Clermont -.--.----|Wells and springs------ 40-850 | 80-100 |----.-..|-.-----. 

DORDRH? o-.--~--.-~ ides and drilled) 20-120 20 Mece can, 15 Do. 

wells, 

Douglass ~----.-- Wells and ponds--.--- 30-130 100 | 50 | 12-60 | Large and small. 

Eldorado .--—.-.-.|Drilled wells ~-....-.... dO) Renee bee ece 20 | Small. 

Lh Osa oe ore ene = Se a 16-60 30 

ik) it) Drilled “wella%ass 22. 90-312 188 40 | 70-175 | Medium, 

Paiiieeese.—- | Wells ......-....... 20-60 | 40-60 |-.------/165-210 | Small. 

Maynard, —.-....--|.... (4 (eee prac see | pW | Sa ae | a ES 20 

Randalia .-.-..--. Driven and_ bored | 12-125 |_-_.--.- 90 20 

wells. 
eet. WV CLS 22. oe hace 20-100 |...-...|. peed ai ils =e Do. 
Westgate .-.-...-_|Drilled wells ~--.......- 20-150 | 35-40 0 10 
WELL DATA, 
The following table gives data of typical wells in Fayette 
county : 
Typical wells of Fayette County. 
= = = sok SY 
3) | a Sa 
é | s 58 Remarks 
° e€ 
Owner Location 8 | a gob oe (Log givenin 
a a ao | Supply ° feet) 
e ~ we Lo} 
o o oP 52 
c |} A =) q 
Feet Feet Feet Feet 
T, 92N., R. 10 W. 
(Fremont). 
Fred Barle) =..... 5 miles south- 145 139 |.....__.]|Limestone.} —115 
east of Sum- 
in ner. 

== Bperkopns-}-—--,d0> —~-..--- 155 TAQ ee ee eae cannot Goce 

Town Sessa Westgate -.--.. 98 80 85 |Limestone-| — 80 | Used for fire pro- 
tection only. Di- 

a ; ragerionl eae 
ROT Mt pal i : ee HST ee + 25 ittle clay on 
! eit. : Porte mabey hdl Een SE top; then all sand 
gate to bottom. Di- 
3 ameter, & inches. 
T. 91N., R. 10 W. 
(Oran). 

G. I. Egan.-..--|NE, % sec, 5--- &4 20 84 |Limestone-| + 5|Valley of Lit- 
tle Wapsipinicon 
river. Supplies 
water for fish- 
ponds. Yields 15 
gallons per min- 
ute from 65-ineh 
pipe. 


oe) tee ter ae 





















































rr Vie . r = ‘ 
An N 
« a De. 
cael 
400 UNDERGROUND WATER RESOURCES OF IOWA 
Typical wells in Fayette County—Continued 
| ma) te 
| 3] | a So 4 
} a oh 
5 a $8 Remarks 
Owner Location Mas #,, |Sourceof) 2, (Log given in 
F A ag | Supply | 3° feet) 
S Be oe $8 
Q A A jee} 
Feet Feet Feet Feet 
Peter Kanten —--- ar Ng SE.3Z sec. 55 rep |e Yellow LAS 
es limestone 
Edward Dundell_-|8 miles west and 70 OY ess Limestone_|_-..----| All clay to rock. 
mile north 
ue Oelwein. 
Chicago Great 1 mile west of 120 MIG fee-te aes Weve ds Ale eee Do. 
Western Ry. --| Oelwein. 
!Dfey. la ceed ea 6 miles west of 64 GO" | S| aa vA 
Oelwein. te 
John Gerken —...|NW. % sec. 9---- 100 48 40 |Limestone-| — 21 |Diameter 6 in. 
TOOUN., R. 9 W. 
(Jefferson). 
= s-Barr SE. Ne Bee. 140 ge eee jae eet ey ea | 1 ans * Fed All blue clay to 
ic 145] 140 Hi 
elwei ells|----------------- {| 440); 9 14U |--------) = Mi. 
? seid ees Northwest part|----..-- BO tae Ls Pear, oR a ea Ee 3 
of town. ‘ 
Catholie Church..|Oelwein -------- UN Be Sakae Sand ..._-_|---...._| All sand; wells + 
not 100 feet dis- 
tant on either 
side strike rock 
in 3 feet. 
Richard Swartz...|SE. 4 NE. 4 see. UO) SoS sce toee eee do --..|--.-..=-| Olay, @0;" sand; 
8. 20; clay. 
Julius Tallman_._'3 miles north- BO) eee 80 |-.-- do ~-.-|-------. Overflows. 
west of Oel- . 
wein on Otter 
creek. 
—— Platt ..... ..|t alle weast sot 102 100 a5 ech s = eee ee 
Oelwein. 
Creamery ------.. At Craft’s, east 90 |cnniadeetat wee 1 OTaVelaaee eee Blue clay, 50; 
of Oelwein --- sand, 20. 
Fraak COragin._..|2 miles east of 40 $828 eae Sand =. 3 — 20 Sand, 2; yellow 
Oelwein. clay, 10; sand, 
26; limestone, 2. 
T. 92 N., R. 9 W. . 
‘Harlan). 
=——. Barnes -__..- SW. 92) NW... Sie 1120 118 oS ces eer eee esis oe — 60} Yellow clay, 10; 
sec. 26. $ blue clay, 50; 
| quicksand, as 
| dark clay and 
i sand, 33; lime- 
| ' stone, 2. 
Ce SeUZer once pe 4 NE. 3 sec. | 201.4) 28 O82 re gee Limestone-| — 15 | A good stock well 
| on low ground. 
—— McMaster ~--.- NW. 4 NW. 3 80 GO| ose tae cea ae Se | eas "Mae 
‘sec. 15. 
DOp ae ee 1 mile north of 150 145 5-4 eS ee ee | eee Clays, 60; quick- 
preceding. sand, 15; brown- 
ish sand = and 
clay, 50; quick- 
sand, 20; sae 
stone, 5 
Sadan ates eeednhasee | SW 6 2) SW s 4 130 |---—--- nasrnsqs|icscossnunss|o2...2-| Drifty aya; 100; 
sec. 36. sand, 30. 















Location 


% SW. 3 
sec. 14, 


mee (S.-Y Sie. F sec. 
i 15. Ss 

20 At == AS 4 SE. 3 sec. 
+. ee Sen 


R. 8 Ww. 
eld). 


B. --INW. 3 
a if see, 2 


tp 


Wis 
0. 


SW. 2 SW. # 


Lita) o_o ay 4 SE. 3 sec. 
ees ASW. 4 Swi 4 
ris .| see. 34. 
Stevenson-/SW. } sec, 26... 
Bogert__.__-|NE. } sec, 27. 


PeeesiNE. ¢ NE. 4 
ij) see. 24. 


re 


Pe-:.-4|SK, 1 SE.-3 sec, 
| 2 


‘| mites south- 
| west of Arling- 
ton. 


Cc Gundlach. _ SE. 4 see. 31__. 


wena cane -|NW. MRSC Od toe 
Se JNE. 4 NW. sce. 


Depth 


Feet 


160 


150 


130 


160 


205 


100 
150 





re. Le 
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Typical wells in Fayette County—Continued 





Source of 
supply 


Depth to rock 
water supply 


Depth to 





Feet Feet 





Remarks: 
(Log given in 
feet) 


Head above or 
below curb 


Feet 


158 158 |Limestone_|_----__- Clay, yellow, 15; 





clay, blue, 105; 
dark soft muek 
without grit, 30; 
sand and gravel 
on rock. 

KASS See High ground; yel- 
low and blue 
clay, 155; sand, 
20. 

eee ae Ends in rock. 


— 36 Dry blue clay, 170; 
; sandl. ° 


naseses! Clays, 80; yellow 
fine sand, 25; 
blues clay. * S72 
limestone, 8. 
Clays, 45; quick- 
sand, 82;  lime- 
stone, 3. i 
oat one: Clays, 40; sand, 
115; limestone 5. 


aoe Peres t Mostly clay to 
rock. 


een, te ee iat aye ek ape ae eee Clays 135; sand 15; 





205 200 |Sand --.-_. 


200 2CC | Crevice 
in roek 


Not strong. 
pee ae Diameter. 5 in. 


— 90 | 58 feet of iime- 
stone. Diameter 
6 inches. 

— 60 | Blue clay. 20; lime- 
stone and clay, 
40; limestone, 40, 


—100 Blue clay with thin 
streaks of sand, 
4 inches thick, 
200; white sand, 
5. Level prairie. 


pe Diameter, 5 in. 


— 2 (Sand 10; gravel 3; 
blue clay. 57; 
rock, 3. Casing 
tapped so. that 
well flows to tank 
on lower ground, 
Yields 23 gallons 
per minute from 
6-inch pipe. 


OO eames Limestone-|_----__- Blue clay, 80; blue 


“40 |_-------| Crevice 
in lime- 
stone. 


limestone, 20. 
—146 | Drift 40; limestone 
with crevice, 116. 


ee el 
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Typical wells in Fayette Cownty—Continued 











Depth to rock 
Depth to 
water supply) 


| 


Source of 
supply 


Head above or 
below curb 


Remarks: 
_ (Log given in 
feet) 





Owner Location 
wt. paket A Sh ae NW. 3 
sec. 6 
George Clough ---|Sec. 22 
T, 93 N., B. 7 W. 
(Illyria). 
W. Flanegan ----- ar 4 NE. 3 sec,| 
Alexander Peters_|SW. 1 NE. 3 sec.| 
18 \ 
Soke Ree eee Ss NE. 3 SW. 3 sec. | 
25 | 
See eee aes NW. 3 NE. 
25. 
ie een om ee ath zSW.% sec. 
T..93 N., R. 8 W. 
(Westfield). 
J. Orr ------------ SW. 4 NE. 3 sec.| 
21. 
Se Sapp set ae NE. 4 NW. & sec. 
99 
Peter Grats... 3 miles 
==" Bats == _-i2_= NW.’ 
sec. 24. 
— Whitely ------ SE. 1 SE 
26. 
~------------------- NE. 4 NE 
5 
pee ia 5, ore SoM NW. i 
sec, 
Se Ee ee Se NW. 3 
see. 19. 
Sg Ck ane ee SW. 3 
sec, 82 
—- Badger __.--- Sec. 20 








east of Fay- 




















aoe os | ee ee ee 


pe ae — 65 








Limestone.| —247 


Sandstone_. —100 


} 


| 





aoe pe ee | —192 


rock”’ 


Limestone.. — 30 
So 22h 


supe dO BE ee 





Yellow clay, 20; 
blue clay, 20; 
limestone, 60; 
“sandrock,”’ 9. 
Diameter, 5 in. 


Hill. Yellow clay, 
80; “sandrocke= 
80; soapstone, 
155; shale, dark. 
in chips, Ea3 
limestone, 82. 
Yellow clay, 40; 
limestone, 60; 
“sandrock,”’ 40. 
High ridge. 
Volga river bot- 
toms. 

Volga river bot- 
toms, about 20 
feet above river. 


Yellow clay, 40; 
blue till, 50; 
limestone, 50. 


Ridge. No water 
obtained. Yellow 
clay 30; blue clay 
50; limestone, 62; 
yellow, porous 
limestone, 5. 
High ground. Yel- 
low clay, 16; blue 
Clay 44; rock and 
clay, i Spray 
limestone, 149; 
“sandrock,”’ 2. 


Yellow clay, 40; 


limestone, 150; 
soapstone, 10. 


Drift, 30; lime- 


stone, 100; shale, 
blue, caving, 150; 
unknown, = drill- 
=e washed out, 


ee See md es —183 Yellow clay, 205 


blue clay, 60 (at 
45 feet old black 
soil, ill-smelling, 
5); limestone, 120; 
“sandrock,’’ 5. 


acekivecy eee ee” Drift 5; limestone 


60. High level 
prairie. 


Blue elay 80; lime- 


stone, 20. 


All limestone; 


plenty of water. 


Yellow clay, 15; 


blue elay, 8b; 
limestone, 110. 


Drift, mainly yel- 


low till, 30; rock, 
100. 












Location 


Moulton-|NW. 4 
sec. 20. 


Nw. 4| 


NE. 3 NE. i sce. 
wee: 













N., R. 7 W. 
asant | 


eee __\Sk. 4 SE. % sce. 
er 81. 


acklin ___- aN. 3 NE. i see. 





ETO SES cg tee ees 


eeee=--2.|N. ¥-NE. 4 sec. 
ownay -. eed da i 
R. 7 W. 


Williams __|SE. % sec. 24... 






2 seen nne 


SE. 4 SE. 3-sec 
18. 





| Garvry__- SE. 4 SE. % see. 
Ww 


7 





mery -........| Clermont --.-.- 


a 4 


Depth 


Feet 


140 


190 


125 


250 


46 
20 
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42 
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Typical wells in Fayette County—Continued 





Source of 
supply 


Depth to rock 
Depth to 
water supply 


| 


} 


tal 
2 


Feet 





1385 Aa eee Limestone_ 
if 


187 


30 


Limestone. 





ee ee eee ty 


Galena or 
Platteville 
limestone. 





250 | Limestone 





Ole ta hee, CO. ee 





Limestone. | 


ean == 





\ 





| 


| 
| 
| 
| 


_ Remarks: 
(Log given in 
feet) 


Head above or 
below curb 





10; 
70; 
55; 


Yellow clay, 
blue__elay, 
quicksand, 

limestone, 5. 
Nearly ali biue 
clay; a little sand 
on rock. Ridge. 


and blue 
80; ‘‘sand- 


Yellow 


Yellow clay, 30; 
| blue till, 10; re- 
| sidual flints, 12; 
limestone, 40; 
“sandrock”? dark 
brown, soft, 88. 
Sand, 30; blue soft 
limestone,. 10; 
“sandrock,”’ 15; 
limestone, 70. 


— 45 





Drift, 
100; 
16. 


1é4; shale, 
limestone, 


+ 2|Diameter, 6 
inches. 

+ Flows 
stream. 
\Water from sand 


under blue till. 


strong 


— 10 |Starts in Upper 
Maquoketa shale. 
Diameter 6 


inches. 

—390 |Loess, 10; drift, 
30; shales and 
limestones, 361. 
Diameter, 63. 
inches. 

—210 |Hill. Yellow clay, 

25; blue till, 25; 

residual flints, 8; 

blue limestone, 

100; ‘“sandrock,” 

40; limestone,52; 

“State, 220. 
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HOWARD COUNTY 





BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY, 


The greater part of Howard county shows the gently undulat- 
ing Iowan drift plain, all parts of which have a competent drain- 
age, though the streams have not yet cut deep valleys. In the 
northeast, however, the Iowan drift is absent and a strong ero- 
sion topography has been developed. In large areas near the 
western border, and especially in Jamestown township, the total 
thickness of glacial drift. is more than 200 feet and in certain 
localities it is more than 300 feet; farther east it becomes much 
thinner, and near the northeast corner the valleys are incised in 
bedrock which is extensively exposed. Owing to the irregulari- 
ties of the rock surface, radical differences in the thickness of 
the drift may be found in wells at points not far apart and at 
practically the same level. 

In the outcrops in the northeast, Devonian limestone is seen 
to rest on the Maquoketa shale, and this in turn on Galena lime- 
stone. As the strata are known to dip gently toward the south- 
west, it is probable that the Maquoketa and Galena pass to 
greater depths in this direction and that the indurated limestone 
which is everywhere found immediately below the drift is as a 
rule Devonian in age. 


UNDERGROUND WATER. 


SOURCES. 


The water supply is derived from the glacial drift and the 
underlying limestone formations. The bulk of the drift is im- 
pervious bowlder clay which yields no water, but at certain levels 
are irregular beds of: porous sand or gravel, which are generally 
charged with water under pressure. The limestone is compact 
and impervious, but contains fissures and solution passages that 
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were probably produced by preglacial weathering. These open 
spaces are filled with water, which is delivered freely to wells 
that connect with them. In the areas of deepest drift most of 
the wells end in sand and gravel, but elsewhere the majority 
enter rock. Many wells end in saturated beds of fine sand that 
persistently rises with the water. In such wells both water and 
sand should be eased out and the drilling should be carried into 
the limestone if necessary. , 

The drilled wells vary widely in depth. In the area of thick 
drift many good wells are less than 100 feet deep; on the other 
hand, wells between 200 and 300 feet deep are not uncommon. 
In the northeastern part of the county, where the water level is 
depressed by the presence of deep valleys, it may be necessary to 
drill several hundred feet into the rock in order to procure sat- 
isfactory supplies. 


FLOWING WELLS. 


In the valley of Upper Iowa river, west and north of the vil- 
lage of Chester, a group of 12 or more flowing wells lie near or 
north of the state line. They range in depth from 80 to 100 
feet and are supplied from gravel beneath a layer of impervious 
clay.. The valley has been cut slightly below the level at which 
the water stands in the drilled wells on the adjoining upland 
plain, but not deeply enough to impair the clay layer in its func- 
tion as a confining bed. Hence, in wells drilled in the valley the 
water rises to nearly the same height as in the upland wells or 
slightly above the valley level, thus giving rise to flows which 
range from a mere dribble to 30 or 40 gallons a minute. In- 
deed, in several of these wells the artesian pressure is so slight 
that the flow is noticeably affected by changes in atmospheric 
pressure. A 65-foot flowing rock well was also reported south- 
west of Cresco in the NE. 14 sec. 11, T. 98 N., R. 12 W. 

Wherever the drift is continuous and but little dissected it. 
seems to play a double part, receiving the rain water and in some 
way transmitting it to the deeper porous deposits and eventually 
to the crevices of the limestone, and yet acting in general as a 
confining bed. Thus, if at any point in the western part of the 
county a hole is drilled through the dense blue bowlder clay, the 
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underlying sand, gravel, or rock is invariably found to be filled 
with water, which rushes into the drill hole and rises under ar- 
tesian pressure. As already stated, entirely different condi- 
tions prevail in the northeastern area, where the drift sheet is 
dissected and the upper pervious formations are drained into the 
valleys, thereby giving rise to springs, but at the same time de- 
pressing the water level far below the upland surface. This 
difference is well shown along Upper Iowa river as it flows from 
the area of deep drift into a rock valley. That the influence of 
the outcrops is effective as far up as Chester seems to be indi- 
cated by the fact that flowing wells are obtained in the valley 
above the village, but that attempts to secure them in the valley 
below the village have generally failed. 

Enough is known in regard to the head of water from the een 
beds to make it certain that flows can not be obtained by deep 
drilling at Cresco, Lime Springs or Chester and that the water 
would remain far below the surface. Even where large supplies 
are required it does not seem advisable to drill more than a few 
hundred feet into rock. 


CITY AND VILLAGE SUPPLIES. 


Cresco.—The public supply at Cresco (population, 2,658) is 
obtained from two wells drilled into rock, the cne ending at a 
depth of 196 feet and the other at a depth of 396 feet. The water- 
works include a standpipe with a rather extensive system of 
mains. It is estimated that about 75,000 gallons of water are 
consumed daily. 

The Chicago, Milwaukee & St. Paul Railway well is 1,045 feet 
deep, and its curb is 1,298 feet above sea level. It was com- 
pleted in 1878, but was abandoned because no satisfactory supply 
was found. 
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Record of strata in Chicago, Milwaukee & St. Paul Railway well at Cresco. 























Thickness Depth 
} 

| Feet Feet 
muluvieal deposit and shales_..-._-.-.....-...----.----.--—-..-..-.-..-<.=----==-- 42 | 42 
Limestone (Devonian, Maquoketa, and Galena)_-.---------------.--------. 494 586 
ETD CCOTED eee ss ee see Sn me re eee ana 40 | 576 
IIE EAS LCOVINIC)) o-oo ean een ese a et eh keep ae mene re 25 601 
ual, calcitcrous, gray. (Platteville)-_-.-.___..--_____._--_-._.__-.--..--=-,.- 36 637 
ee SPL RAG) 9) ke a aS eS 65 | 702 
ESESCAUS Gy G22) 9 SS eee eee ee 115 | 817 
Sandstone (New Richmond) ----------.---------------------------------------- 10 | 827 
Sandstone, calciferous (Oneota) ~---~---.-.----~-------------------------------- 160 987 
Banostone (Jordan) .-.-.-..--.-.---.-......-2._~-=-.------—--=55=0---2--=--=-- | 58 1,045 








iBased on driller’s log. 


WINNESHIEK COUNTY 





BY W. H. NORTON. 





TOPOGRAPHY. 


The important topographic features of Winneshiek county 
are for the most part due to the’ deep incision of valleys in an 
ancient uplifted base-level of erosion now marked by the gen- 
eral accordance of level of the summits of the existing ridges 
and divides. The edges of a large number of formations, some 
water bearing and some dry, are thus exposed along the valley 
side. The maximum relief is not far from 600 feet. The Cresco- 
Calmar ridge rises to a height of 1,269 feet above sea level, and 
the high ridges north of Upper Iowa river reach a height of 
1,360 feet above sea level a short distance west of Hesper. The 
flood plain of Upper Iowa river on the eastern boundary of the 
county descends to 760 feet. 

The divides separating the trunk streams and those interven- 
ing between their tributary valleys are broad-shouldered, well- 
rounded ridges, carved by storm water into a multitude of 
branching and rebranching ravines.. The summits of the main 
divides are gently rolling, but as the trunk streams are ap- 
proached the incision of the deepening valleys becomes sharp 
and precipitous bluffs mark the outcrop of the stronger strata. 
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In the western part of the county the drift sheets laid down 
by ancient glaciers are sufficiently thick to mask in part the 
erosion topography and to form the gently undulating plain of 
Jackson, Sumner and Orleans townships, in which erosion has 
been least and deposition greatest. 

Although the principal streams of the area have reached ma- 
turity, the valley floors have not been widened sufficiently to 
give them importance for agriculture or ag sites for towns. 


GEOLOGY. 


The geologic formations, from lowest to highest, exposed to 
view in the county are the following: 

1. The Jordan sandstone, a coarse soft sandstone, outcropping 
only in the eastern part of the county in small areas at the 
base of the bluffs along Bear and Canoe creeks. About fifty 
feet of the upper beds of the formation are exposed. 

2. The Prairie du Chien stage, consisting of (a) the Oneota 
dolomite, a body of light buff or whitish dolomite, 150 feet | 
thick; (b) the New Richmond sandstone, about 24 feet thick; 
and (c) the Shakopee dolomite, a dolomite resembling the 
Oneota, graduating downward by arenaceous beds into the New 
Richmond and ranging from 50 to 80 feet in thickness. The 
Prairie du Chien stage is exposed only in the northeastern 
parts of the county, forming the country rock over most of 
Highland township and the eastern part of Pleasant township 
and extending up the valley of the Upper Iowa as far as Free- 
port. 

3. The Saint Peter sandstone, soft and incoherent, white (ex- 
cept where stained with iron by infiltrating waters), without 
well-defined bedding or lamination, composed of grains of clear 
quartz, well smoothed and rounded. The sandstone comes to 
the surface in a narrow belt along the bluffs of the Upper Iowa 
and its tributaries as far west as Freeport. The thickness of 
the Saint Peter in its outcrops is about 60 feet. 

4. The Platteville limestone, Decorah shale, and Galena lime- 
stone. The lowest of these formations, the Platteville limestone, 
succeeds the Saint Peter sandstone; it includes a basal shale (the 
Glenwood shale of the Iowa State Survey), about 15 feet thick 
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and in places sandy, forming a transition bed to the Saint Peter 
sandstone, and an upper bed of limestone about 25 feet thick. 
The Platteville is overlain by the Decorah shale, a calcareous 
greenish shale 30 feet thick, containing interbedded limestone 
layers, named from its excellent exposures in the ‘Dug-Way”’ at 
Decorah. The Decorah shale is in turn overlain by the Galena 
limestone, about 225 feet thick, which in this county is mostly 
nondolomitic but which, in counties to the south and east, con- 
sists chiefly or wholly of massive dolomites. These three forma- 
tions (Platteville, Decorah and Galena) form the country rock 
from Hesper west to the Howard county line and thence south- 
east to Nordness. They cap the ridges lying between Upper 
fowa river and Canoe creek and those extending south of the 
Upper lowa from Decorah to Washington Prairie. 


5. The Maquoketa shale, which includes a lower shaly lime- 
stone 70 feet thick, a plastic blue shale 15 feet thick. dolomites 
and limestones 40 feet thick, and an upper blue shale 120 feet 
thick. The Maquoketa for the most part outcrops south and 
west of Upper Iowa river. It forms the bedrock over most of 
the southeastern townships, occupies the long spur leading from 
the high Calmar-Ridgeway divide to the Upper Iowa valley, and 
also the valley of Turkey river on the western side of this ridge. 

6. The Niagaran dolomite, which occurs in a few small out- 
hers in Washington township near the Fayette county line, with 
a maximum thickness of 75 feet. 

7. The Devonian limestone, which forms the surface rock in 
Jackson and parts of Sumner, Lincoln, Orleans and Fremont 
townships and in a narrow belt capping the Cresco-Calmar 
ridge as far east as Calmar. 

8. Pleistocene deposits, including drift sheets aa loess. Two 
_ drift sheets have been recognized within the county. The lowest, 
the Kansan, is a stony clay occurring in patches chiefly on the 
uplands in the eastern part of the county; the upper, the Iowan, 
is a thin stony clay covering the western third. Between these 
- two stony clays occurs the interglacial Buchanan gravel. The 
loess, a yellow loam, mantles uplands and valley slopes outside 
_ Of the area of the Iowan drift and: attains in places a thickness 
of twenty feet. 
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UNDERGROUND WATER. 


SOURCES. 


The wide range of geologic formations exposed within the 
county affords an unusually large number of water beds. The 
lowest of these is the Jordan sandstone, from which springs 
rise at Highlandville and elsewhere in the northeastern town- 
ships, and to which some of the deeper wells may penetrate. 

The Saint Peter sandstone ig entered by the deeper wells in 
the same townships and affords a pure and plentiful supply, 
«Ithough with a low head requiring a long lift. 

The Galena and Platteville contain very important water 
beds, especially in their lower limestones, which in the Galena 
rest on the Decorah shale, and in the Platteville rest on the 
shale member to which the Iowa State Survey has given the 
name Glenwood. Over the eastern part of the county they fur- 
nish inexhaustible supplies under a head sufficient to bring their 
water close enough to the surface to be easily pumped by the 
wind engines commonly employed... 

The limestones of the Maquoketa shale supply some springs 
and wells. The heavy shales of this formation are dry but serve 
a most useful purpose in collecting descending ground water 
above their impervious upper surface either in overlying lime- 
stones or in the superficial deposits of the drift. 

The different drift clays with their interbedded sheets of sand 
and gravel and the sandy layers forming the base of the loess 
afford a supply often sufficient for house wells, and in the south- 
western part of the county, where the drift is thickest, for stock 
wells also. 


DISTRIBUTION. 


As the water beds of the county are so numerous and the 
topographic relief is so great it is difficult to define any water 
provinces without going into extensive detail. Even the town- 
ship is too large a unit to permit exact description. 

In general terms it may be said that on the ridges of the north- 
central part of the county, from Nordness to Hesper and to the 
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northeast corner of the county, wells find water at the base of 
the Galena where its waters are held by the underlying Decorah 
shale. Where'this supply is not tapped, because the well may 
fail to strike a water channel, the Saint Peter sandstone, from 
60 to 100 feet deeper, is the next source. Water in the Galena 
has a higher head than the water in the Saint Peter, rising 
within 70 feet of the surface or even nearer, according to the 
local relief. Water in the Saint Peter rises only a few feet above 
the water bed; its supply, however, is large. 

In the extensive area underlain by the Maquoketa shaie water 
is found in the limestones interbedded with the impervious shales 
of that formation. Thus at Calmar, where the drift at the Chi- 
cago, Milwaukee & St. Paul Railway roundhouse is 65 feet thick, 
water was found at 90 feet in limestone above the first bed of 
shale, and at 160 feet in limestone below the same bed of shale. 
Some water was also struck on the rock at 65 feet. The Ma- 
quoketa waters rise within 100 feet or less of the surface. 

Exceptionally it is necessary to go for large supplies to the 
chief water beds of the Galena above the Decorah shale or even 
to the Saint Peter. First water was reached at Calmar at 520 
feet, and second water at 605 feet below the surface. 

On the high ground between Calmar and Decorah farm wells 
commonly obtain water in the upper limestones of the Maquoketa 
at 75 to 100 feet below the surface, the superficial clays here be- 
ing from 20 to 40 feet in thickness. Water sufficient for farm 
wells is not now found in the drift and all wells enter rock. 

On the ridges about Ossian some wells find water in the upper 
few feet of the country rock, but many are compelled to go sev- 
eral hundred feet deeper to tap the deeper limestones of the Ma- 
quoketa, and even, exceptionally, to descend to the Galena. The 
diversity and complexity of the conditions are illustrated within 
the narrow limits of the village of Ossian, where some good house 
wells obtained water within thirty feet of the surface; several 
wells go down for 100 to 300 feet; and one reaches a depth of 
735 feet. 

In the ravines and in the valleys of the creeks, ground water 
stands naturally nearer to the surface, and where the country 
rock is limestone, may be found in rock wells 35 to 40 feet deep. 
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On the plain of Iowan drift in the southwestern'townships wa- 
ter may locally be found in glacial sands and gravels, although 
not infrequently it must be sought in the underlying Devonian 
limestones. . 


SPRINGS. 


Winneshiek county is one of the most favored in the state in 
the number of its springs and in their generous supply of pure 
water. In the eastern part of the county springs are found 
along each valley and ravine, furnishing a perennial supply to 
the clear running creeks. The chief source is immediately above 
the Decorah shale. Waters descending by sink holes and 
through the creviced and cavernous Galena limestones are gath- 
ered into definite courses and issue in large springs where these 
waterways ‘are trenched by the ravines. 

Among the best known springs from this horizon are Union 
Springs, on the farm of Beard Brothers, west of Decorah. Strong 
springs issuing on both sides of a ravine unite in a swift-flowing 
creek a rod wide, which at one time was utilized to run a feed 
mill. The August temperature of the water is 47.3° F. 

Mill Spring, on the side of Upper Iowa river at Decorah, is a 
powerful spring with an August temperature of 48°, issuing from 
the summit of the Decorah shale well up the steep valley side, 
thus giving considerable water power, which in past years has 
been utilized to run a‘saw mill. At the west of the present de- 
bouchure and about twenty feet above the river a heavy deposit 
of brownish soft porous travertine has been laid down by the 
calcareous waters. Another noteworthy spring from this horizon 
is Cold Spring, a few miles northwest of Bluffton. 

A large cavern, which gives exit to a characteristic under- 
ground stream from the Galena limestone is situated in section 
34, Glenwood township. The mouth of the cave is described as 
a pointed arch forty feet high and sixty feet wide. 

Most notable, however, is the Decorah ice cave, formed in 
part by the enlargement of a master joint and in part by the 
creep of the massive Galena over the underiying shale. This 
cavern shows the peculiar phenomenon of ice forming on its 
walls in spring and early summer and melting in late summer 
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and early autumn, the walls remaining dry and bare in late 
autumn and winter. The solution of this interesting problem 
throws some light on the movements of ground water in the miles 
of crevices in the Galena. The freezing temperature reached by 
the underground air in early winter is maintained until late in 
the summer. Moisture from the surface is sealed out by frost 
during the winter, but ice begins to freeze on the cold walls of 
the cave as soon as the ground thaws enough in spring to permit 
the entrance of water from above. The ice remains until after 
the cold dense air has slowly passed from the great labyrinth of 
underground passages through the opening and has been re- 
placed by warmer air. By this time the summer is well advanced, 
and as the rainfall is slight the walls remain relatively dry until 
the freezing temperature is again reached. 

Another spring horizon is at the summit of the shale forming 
the basal part of the Platteville limestone (Glenwood shale of 
Iowa State Survey), but the springs therefrom are compara- 
tively small. 

The Jordan sandstone affords springs under hydrostatic pres- 
sure where it is cut by the valley of Bear creek from Highland- 
ville east to the county line. Owing to the local northerly dip 
of the strata the springs occur on the south side of the valley. 

Springs issue also from the limestones of the Maquoketa, as 
in section 1, Jackson township. 

The base of the Niagaran forms a still higher horizon, and 
supplies a number of springs in Washington township. 


CITY AND VILLAGE SUPPLIES. 


Calmar.—At Calmar (population, 849) the water works are 
owned by the municipality. Water is obtained from a well 364 
feet deep and distributed, at a pressure of 50 pounds, from an 
elevated tank with a capacity of 2,000 barrels. There are 16 
hydrants, one mile of mains and 75 taps. 

Well No. 1 of the Chicago, Milwaukee & St. Paul Railway at 
Calmar has.a depth of 1,223 feet and a diameter of six inches 
from 70 to 860 feet and five inches to bottom; no casing. The 
curb is 1,261 feet above sea level and the head 150 feet below 
the curb. The pumping cylinder, 3°4 inches in diameter, is 374 
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feet below curb. The tested capacity is 80 gallons a minute. 
The well was completed in 1880 by W. E. Swan of Andover, 
South Dakota. 


Record of strata in deep well No. 1 at Culmar. 

















| Thickness Depth 
Feet Feet 
NO \TOGORG noose a na wg nnn me sees ae ae eee nana eran ene eae 70 70 
Ordovician: 4 
Maquoketa shale (146 feet thick; top, 1,191 feet above sea level)— | 
MUIMEStONG (2a -S oe aa he a ee ree ce epee 76 146 
Shale: © sian eo peed a een cee eee pesos ae ee nee See eee 10 156 
TAMECSTONG oso nce eee ese wren A kee maemenee ee saae Sees oe 85 191 
Bale, MRTRY ba =6 so ee eee eee es oe ee ee 25 216 
Galena limestone to Platteville limestone (392 feet thick; top, 1,045 
feet above sea level)— 
Limestone (Galena). css ccncuteeus ticcusus ocean eee eee eee 805 521 
Shale; green (Decorah) 223-2222 ee ee ee 47 568 
Limestone (Platteville) (2-2 as ee eae renee eee 30 598 
Shale (Platteville): .ct2 2302222 eee ace ae ee ene ee 10 608 
Saint Peter sandstone (67 feet thick; top, 653 feet above sea level)— 
Sandstone .20 3.22.2 Sone oa ee te eee eee aken a eens eee ee 67 675 
Prairie du Chien stage (325 feet thick; top, 586 feet above sea level)— 
Limestone (Shakopee) vs.2<..- 22 o2ie a ee ee eee 98 773 
Sand and limestone mixed (New Richmond)----~-------__---____----- 47 820 
Limestone (OneC0 ta) es Se ec re ee 180 1,000 
Cambrian: 
Jordan sandstone (120 feet thick; top, 261 feet above sea level)— 
POE WACO 1 RA) soi pean eos ee Ra ee ey ee ee 120 1,120 
Saint Lawrence formation (103 feet penetrated; top, 141 feet above sea 
Tevel)— 
Limestone won hil tw bts doerle ee Elbe Eee oes 103 1,223 





Well No. 2 of the Chicago, Milwaukee & St. Paul Railway at 
Calmar has a depth of 365 feet and a diameter of ten inches, 
eased to 66 feet. Its curb is 1,252 feet above sea level and its 
head 65 feet below the curb. It finds water at 65, 90 and 160 
feet. The pump cylinder, 534 inches in diameter, is set 100 
feet below surface. The tested capacity is 115 gallons a minute 
and the temperature 48.5° F. The well was completed in 1904 
by J. F. MeCarthy of Minneapolis. 

The two railway wells are fifty feet apart, and while well No. 2. 
was being drilled the water of well No. 1 was roily. 


j 
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Driller’s log of deep well No. 2 at Calmar., 








] 
Thickness Depth 





Feet Feet 

SET OT IW flee sap in a noes enacen saan en aeccanenenscasandeuouesa= ease cdsdacwuen swans 30 20 
UR eee is ses eee ae nde ar acer Coes Sees ncenes Smee eas 35 65 
Se ONO RO LGN Gg: ceewatima dec sedan esednassasanacecaers pacasiaannssssasssaanene 53 118 
RTS OE icp ee Sones cantne an esemcacnen neste neseaccanencmnaccsianass 9 127 
ETE Cg Soe peel se See Se a ee as See ae 33 160 

ee SEE oo ae a ph a pe 28 188 
ET ais ere ee Bart ee oa om pre en a Sa eee ane eae cesamend aes 60 248 
i ae ee a bearlat map oaaae eamaaraes er ewseekadnseters 62 310 
REC ST OT lee See eae me deteee sae aca snaneesnen saaemidenscanmss 48 358 

et cee ke ote SE ia Ae le eR a ea ee 2 860 
PANT EIT ERT C0 ehcp ck as oo eo need ae eae 5 365 





Decorah.—Decorah (population, 3,592) is supplied from wells. 
The well in common use is situated in the valley of Dry Run, 
about 8 feet above the level of the creek. Its diameter is 15 
feet and its depth 40 feet. The water bed is gravel, rock not 
being entered. Water stands 15 feet below the surface and is 
lowered 12 feet by pumping. The maximum yield is 468 gal- 
lons a minute, the water being pumped by a suction pump run 
by electric motor. 

For emergencies there are also used eight four-inch drilled 
wells 30 feet deep, located on the bottoms of Upper Iowa river, 
about eight feet above water level and pumped by steam. The 
water bed is gravel and the capacity of the wells is 240 gallons 
a minute. Water is pumped to a reservoir and distributed 
under gravity pressure of 110 pounds. There are 60 hydrants 
and 614 miles of mains. The consumption is 160,000 gallons 
daily. 

The Artesian Well & Water Company’s well at Decorah has 
a depth of 1,600 feet and a diameter of six inches. Its curb is 
877 feet above sea level. It was completed in 1877. This well 
is reported to have struck water at about 28 feet and to have 
held it at that level until the drill reached a depth of 1,600 feet, 
when the water disappeared and the drill was lost. The con- 
tractors claimed that they were working in granite and aban- 
doned the well. It is very improbable, however, that crystalline 
rock was struck at the depth mentioned. Those who observed 
the drilling found reason to believe that the rising water was 
carried off laterally through a crevice in a limestone. Certainly 
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the normal head of the deep artesian water should give at De- 
eorah on low ground a flow under a good head. But lateral 
escape would need to be guarded against, both through crevices 
and probably also through the Saint Peter, whose water here 
is under no great pressure. 

The elevation at the Chicago, Rock Island & Pacific railway 
station at Decorah is 862 feet above sea level. The green De- 
corah shale outcrops in the vicinity and the Saint Peter sand- 
stone probably lies within a few feet of the bottom of Upper 
Jowa river. Five or six hundred feet is an ample estimate of 
the distance to the Jordan sandstone and the stores of artesian 
water which it contains. Besides, more or less water should 
enter the drill hole through crevices and sandy layers of the 
limestones which intervene between the Saint Peter and the Jor- 
dan. To tap the aquifers of the Dresbach and earlier Cambrian 
sandstones, which supply the wells of McGregor, Lansing, and 
New Albin, a well should be sunk to about 1,200 feet below the 
surface. 


Ossian.—At Ossian (population, 749) the well of EK. V. Gil- 
bert has a depth of 730 feet and a diameter of 8 inches to 400 
feet and 614 inches to bottom. Its curb is 1,258 feet above sea 
level and its head 300 feet below curb. Water comes from 680 
feet and lowers 100 feet when pumped about 47 gallons per 
minute. The well was completed in 1903 by J. F. McCarthy, of 
Minneapolis. 


Log of HE. V. Gilbert well. 


[Supplied by owner.] 














Thickness Depth 

7 Feet Feet 
Surface, white limestone, blue shale, and blue rock_---__---------_---------- 590 590 
Sandstone, VGry 2222222... sls eae ek er ae ee eee a eer aes 590 
Unreported's . 22 sons a Se ee ee ce 90 680 
C Sandstone, in thin’ layers--. 3 225s ee er a ee eee 18 698 
2 Sandstone; COaTSe) +525 ak seh a oe en ee se eee eas 7 705 

” Limestone; A White secc- 52 55e sues ss a ea ro ae ae ee ae mens: 25 7 








‘The above section, showing the occurence of two sandstones 
at the level of the Saint Peter, is comparable with the section 
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f the city well at Postville. The upper sandstone falls in piace 
vith the summit of the Saint Peter at both Postville and Cal- 
, but the second, nearly 100 feet below the top of the first, 
w for the base of the Saint Peter. Unfortunately no sam- 
s nor any detailed log exist of this most interesting well. 
Vinor supplies —The following table gives statistics of mis- 
laneous village supplies in Winneshiek county: 


Village supplies in Winneshiek County. 











H 
4 s 
2 oS te 
‘ c 2 Vol f 
. : = ° ° o olume oO 
Village aoe of Supply + B - 2 Serines 
S 5 refi} oie™ 
a Q a0 Bs 
o cD) oo ve 
fa) a) A eo) 
Feet Feet Feet Feet 
Oneness Open: wells: and 'springs-+..|| 15-50)/..-.2.-}--. 15 | Large. 
stalia. eee eens Oi edp wells ye ease 175-200 C3] Ny) ee eee Seas OS 
noe __.-_----._.|Open wells and springs____| 15-35 Bb ri wee 10 Do. 
movers o--_. 2.___\Drilled wells *<=<:2.-222----.|' 60-145 1 a eee Ry 40 | Large and small. 
a tay 40 60 | Small. 
; 10 20 
port .....____|Open and driven wells__..-; 10-50 |__._-.__ 20-30}. 8 Do. 
eee ees seprilled: wells: 24... 35-80 RO awe oseset 25 | Large. 
andville ---. |Springs and drilled wells__.| 35-67 a Rath ee 20 Do. 
(nk Wihiitire ses cee eee ae 100-300 50 175 65 | Large and small. 
Ae Bored and drilled wells and] 40-500 20) ees a 40 | Small. 
springs. 


Ways --.---.-|\Wells and’ cisterns__--__-._| 50-400 |_-..-... 200 pee a 
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WELL DATA, 


The following table gives data of typical wells in Winneshiek 






































county : 
Wells in Winneshiek County. 
} a 
war = 
| s = 
| eit iS = : A iS ‘3 ‘ 
rati 2 | © ° ource of;| & emarks: 
Owner Location 4 3 | S “a Supply ig (Logs given in feet) 
a al tes peg sar 3h 
SB) oo tJ 
(a) = "| © on eo S 
A A | A A q 
T. 100 N., R.9 W. | | 
(Burr Oak). Feet | In. | Feet | Feet | Feet 
Alvin Rollins --.-|NE. 4 sec. 14.--_| 172 6 12 | 160 |Limestone.| 72 
10 (OR 9 ee eee SE. 3% sec. 11.) 285 5 13 265 \Saint Peter} 265 
L. W. Bennett -.|NE. 4 sec. 18----| 70 | Ph eed 60 |Gravel____. 40 
/ | 
T.98 N., R.10 W. | | | 
(Lincoln). =| | 
O. O. Rue ------ SW. 3 sec. 86... 96 4  30| 90 [Limestone | 26/15 feet above Turkey 
on shale.|* river. 
H. L. Wernark__|SW. 3 sec. $5---| 60 Gh lL a Sandee a eee 
-------------------- Ridgeway, at | 
station. ieee eee 45-60|_3.2.|/ 201 oe eee ee Blue clay at 20. 
ata siwn nnn aan 1 :mile south Of] * 964°) 0) ts a0 | ee 
Ridgeway. 
T.99 N.,R.9 W. | 
(Bluffton) | . 
John Sexton -—---/gee, $2 --....--- 187| 6) 60| 162 |Soft rock.| 50 |10 feet above level 
| ) | of Tenmile creek, 
| | | 167 feet of casing. 
| | Yields 2% gallons 
per minute. 
T. Nelson -—-.- NW. 4 sec. 20---| 976 6. 40| 270 Limestone-|......|300 feet above One- 
ota river. Low- 
ered 50 feet by 
pumping. Yields 
| 4 gallons per min- 
p ute. Tene ea 
50 degrees F. 
CT A aro NE. % sec. 28.__| 100 6 18 95 |__......__..| 64 |Iemperature, 48 de- 
| | grees F, 
T.98 N.,R.9 W. 
(Madison) 
Bier. partoot —. 
ate oie ye a sec. 19---| 108 60 0.30 Nab arslce ee 
: re ah OO Al ake 88 poaas leon en cacscen|aeowoe 
7100) N., R. 7 W. 
(Highland). 
Julius Selmes ____|3 miles east of| 177 6 20 | 147 |\Sandstone.| 147 
Hesper. | 
T. 100 N., R.8W. 
(Hesper). 
Frank Darington_|4 miles southeast] 224 6 20} 194 |-.-.do..-.) 194 
of Hesper. 
Charles Casterton|4 miles north f| 107 6 15 605)2221d0./ ces) 69 
Locust. | 
| 
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Wells in Winneshiek Cownty—Continued 

















4 |S 
Oe Hes 
iB - SS f E R k 
? 5 ° ° ource of | @ emarks: 
Loeation ’ = a oe Supply | 2 (Logs given in feet) 
SL Sass 32 
a) = o | oa o5 
. A a) AS a 
4° NS, R.9 Ww. | 
(Washington). | 
ee .-~|Fort Atkinson .| 100 Ga eee BO ee 80 
DOM That Sones oo co { (0) oe Sp ee 
Tap weaeenie LOO teats oe Le ee \Yellow clay, 35; biue 
fe till, "61s © yellow. 
' Clay, 4; limestone; 
i shale; limestone, 
aS ; | 800. 
Peapnerschool ..0.|---- Do. --------| 494]... (Ui | eee Pd RESELL Siar 
ean ue 3 SE, 3 sec.) 497 | I eS OO aN Mie 
n Collins ---.-/\SW. % SW. 4) jog |___ AD: eso. Limestone-| 80 Water in white lime- 
sec. 8. stone underlying 
shale. 
-n-n--n2-------=)NE. 3 NE. 3 8€€.) 50) fT Scan Oae Medea ee ee 50 Surface clay,  40¢ 
3. limestone, 25; blue 


shale with  lime- 
stone, 124; white 
limestone, 81. 
os otaecrmnoan We NW. 38eC.) 596 |__| 48) 370 [Limestone-| 330 Yellow clay, 15; blue 
{ -an clay, 383;  lime- 
| stone, 22; shale 
(Maquoketa) with 
interbedded __lime- 
stone layers, 115; 
_ white limestone, 
|eRLi: 





SE. 4 NE. 3 sec.| 180 |------ £2 |2-----|--------- we |onnane | 
19. 








Olay, 20; limestone, 
200; Saint Peter, 
i tO3 “magnesia,’’ 
| $0; Cambrian or 
Oneota, 117; Cam- 
brian sand, 18. 
' Water also at 175. 


Rocksvold.|SW. } NW. 3, 508| 6] 20) 500 Sandstone.| 380 
see. 1 “ 
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CHAPTER IX. 





UNDERGROUND WATERS OF THE EAST-CENTRAL 
. DISTRICT. 





INTRODUCTION. 





BY W, Ho NORTON. 


The east-central area fronts on the Mississippi; it comprises 
the twelve counties of Benton, Cedar, Clinton, lowa, Jackson, 
Johnson, Jones, Linn, Muscatine, Poweshiek, Scott, and Tama. 
The great Cambrian and Ordovician aquifers lie within moderate 
distances of the surface and dip southwestward. Their waters 
show increasing mineralization with increasing depth and dis- 
tance from the area of supply, but are by no means unpotable. 

From Monticello to Homestead the dip averages 10 feet to 
the mile for the Saint Peter sandstone and 12 feet to the mile 
for the Jordan sandstone. In the western part of the area the 
southwestward dip of the Saint Peter is 9.4 feet to the mile from 
Vinton to Grinnell. (See Pl. VIII.) In the eastern part of the 
district the Saint Peter dips four feet to the mile, from Sabula 
to Vinton (Pl. IX), but the greatest dip is southward, as shown 
by the outerops of the Devonian and Silurian rocks in the south- 
eastern counties. Thus, though the dip of the Saint Peter from 
Maquoketa southwestward to Tipton is but 6.8 feet to the mile 
(Pl. X), the southward dip from Maquoketa to Davenport is 
11.5 feet to the mile, and from Green Island to Davenport 12.6 
feet to the mile. This southward dip is due in part to an upwarp 
in the eastern portion of the area whose axis seems to run 
through or near Stanwood. The base of the Maquoketa shale 
at Stanwood (Pl. XI) is 150 feet above the level at which 
it would be found if the dip of the strata were uniform from 
Clinton to Cedar Rapids. Both base and summit of this forma- 
tion are lower at Clinton than at Stanwood, 50 miles west. From 
Cedar Rapids west to Belle Plaine the dip of the Maquoketa is 
6.3 feet to the mile and of the Saint Peter 5.5 feet to the mile. 
(See Pl. XI.) 
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In the eastern part of the district the country rock—that is, 
the rock at the surface or immediately underlying the drift— 
is of Silurian age; in a wide belt passing through the central 
part the country rock is Devonian; in the western and south- 
western parts, including Tama, Poweshiek and parts of Iowa 
and Johnson counties, the country rock is Mississippian. In 
the areas where the country rock is Silurian and Devonian the 
water of these formations may be allowed to mingle with that 
of the deep aquifers without impairing the quality of the latter, 
but the Mississippian waters are usually charged heavily with 
sulphates, and their effect on the deeper waters is plainly indi- 
cated by the analyses of the waters of deep wells in the western 
counties. The Silurian rocks also appear to become gypseous in 
the western counties, and here their waters may increase the sul- 
phate content of the water from deep wells. - 

Toward the south and west the aquifers lie deeper and their 
waters are more highly mineralized, but in all parts of this 
district the Cambrian and Ordovician rocks furnish potable 
water. 

The chief water beds are the Saint Peter, Shakopee, New 
Richmond, Oneota, Jordan, and Dresbach and subjacent Cam- 
brian sandstones. (See Pl. I, in pocket.) Artesian water may 
also be found in the Galena and Platteville, as at Davenport, 
_ Wilton, and Grinnell; in the Niagaran, as at Homestead; and 
in the Devonian, as at Cedar Rapids, Vinton, and Belle Plaine. 
But none of the aquifers above the Saint Peter is dependable, 
and all contracts for artesian wells should provide for drilling 
to the base of the Jordan sandstone. 

The lowest water beds—the Dresbach sandstone and the sub- 
jacent sandstones of the Cambrian—lie within the limits of 
profitable drilling along Mississippi river and yield copious 
supplies of excellent water at Clinton and Davenport. At Ana- 
mosa and at Tipton drilling was carried far into these terranes, 
but no information as to their water beds is available. At 


Cedar Rapids the first well drilled by the city water company 
found, either in these terranes or possibly in a higher water 
bed below the Oneota, a strongly corrosive water, on account 
of which the well was plugged just above the vein. Wells 
drilled later were stopped above this zone. 
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As a rule, throughout the east-central district abundant water 
may be found without drilling as deep as the Dresbach, and it is 
recommended that the drill be stopped at the top of the Saint 
Lawrence formation, or at least at the top of the glauconifer- 
ous shales of that terrane. In towns of the Mississippi valley, 
however, where the higher formations are overdrawn, wells 
should be carried to the Dresbach and the first sandstone under- 
neath it. 

In the extreme southwestern part of the district deep artesian 
wells are not recommended for the smaller upland towns on 
account of the expense of drilling and the difficulty in casing 
out the poorer upper waters. Thus, in southwestern Poweshiek 
county the Saint Peter lies about 750 feet below sea level; in 
towns situated 1,100 or 1,200 feet above sea level, therefore, 
drilling would have to be carried to a depth of 1,850 or 1,950 
feet in order to reach that formation. 





BENTON COUNTY. 


BY H. E. SIMPSON AND W. H. NORTON. 





TOPOGRAPHY. 


Benton county comprises a portion of the undulating prairie 
plain characteristic of north-central Iowa. ‘Topographically, 
however, it is divisible into two strikingly contrasted areas 
coinciding with the surface areas of two drift sheets of different 
age—the Kansan and the Iowan. The Kansan drift area, em- 
bracing about 40 square miles in the southwest corner of the 
county, shows a mature drift plain, thoroughly drained by 
streams flowing in deep valleys on the broad flood plains. The 
Iowan drift area, comprising the rest of the county, is a very 
gently undulating plain, broken by few well-defined stream 
channels and containing many undrained depressions and small 
marshy meadows and sloughs, the remnants of glacial lakes 
and ponds. The marked topographic contrast is ascribed by 
Savage to the fact that ‘‘The surface features over one por- 
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tion of the area have been developed through the destructive 
processes of erosion; those over the other part of the region have 
been molded by the constructive agency of ice.’” 

The southwestern third of the county drains chiefly through 
Prairie creek to Iowa river, which barely crosses the corner of 
the county. 

The larger portion of the area drains to Cedar river, which 
flows across the northeast corner. The divide between Iowa 
and Cedar rivers passes northwest and southeast through Rog- 
erville and Van Horne. 


GEOLOGY. 


The surface of Benton county is drift covered except in the 
broad valleys of the Cedar and Iowa rivers and their larger 
tributaries, whose flood plains. are covered with alluvium and 
range in width up to two miles or more. Three drift sheets are 
represented—the Iowan, Kansan, and Nebraskan. Between the 
Iowan and Kansan occurs in places the interglacial Buchanan 
gravel, and beneath the Kansan drift the interglacial Aftonian 
gravel. -Loess is also present in places above the drift. 
Throughout most of the county the drift is underlain by Middle 
Devonian sediments. In a small area in the extreme southwest 
corner, however, the drift rests on Mississippian shale (Kin- 
derhook stage). The Middle Devonian rocks are represented 
chiefly by the Cedar Valley limestone, which shows a maximum 
thickness of more than 80 feet and by the Wapsipinicon lime- 
stone, which is exposed along Cedar river and its tributaries, 
Pratt and Prairie creeks. 

As a rule the indurated rocks lie in conformable parallel beds 
dipping slightly to the south, this arrangement being modified 
only by a few slight and unimportant folds. The formations 
underlying the Devonian are indicated by the geologic sections 
(Pls. VII, VIII, IX), and by the well sections on pages 430,435. 





Savage. T. B., Geol. of Benton county; Ann. Rept. Geol. Survey Iowa, vol. 15, 
1905, p. 132. 


424 UNDERGROUND WATER RESOURCES OF IOWA. 


UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


Water is obtained from the Buchanan gravel, the Iowan and 
Kansan drift, the Aftonian gravel, the Devonian limestones, 
and from deeper artesian aquifers. 

In the broad valleys of Cedar and Iowa rivers and their chief 
tributaries water is obtained chiefly by sand points driven 25 - 
to 30 feet into the Buchanan gravel, which underlies the alluy- 
ium at no great depth and overlies the bowlder clay of the 
Kansan drift. Bored wells of about the same depth, in which 
the water stands not far from the river level, are also common. 
A few wells in the Buchanan gravel yield flows, as is illustrated 
by the 30-foot bored well, on the farm of A: D. Seeley, one mile 
southwest of Benton, and by the well owned by Joseph Kerling, 
near the foot of the river bluff in the NW. 4 see. 13, T. 85 N., 
R. 9 W., the water of which tastes slightly of iron and gives the 
brownish yellow stain characteristic of jron-bearing waters. 
The water ordinarily is wholesome, though it is lable to pollu- 
tion owing to the easy access of organic matter from the sur- 
face. The Buchanan gravel is found locally on the uplands 
but there it affords an uncertain source of water. 

A few fine springs issue from the upper limestone outcrops 
along the bluffs. A very large spring is on land owned by J. EH. 
Wychoff, in the NW. 1% sec. 9, T. 85 N., R. 9 W. 

The most common source of water supply in this county is 
the Iowan and Kansan drift, whose combined thickness ranges 
from 50 to 300 feet. It is difficult to discriminate these two drift 
sheets in ordinary shallow wells, but the Iowan is so thin that 
it is certain that most of the wells in the Iowan region pass 
through it and end in the Kansan, in which pockets and lenses 
of sand and gravel afford small but fairly constant supplies of 
good water. 

On the upland prairie in the northeast corner of the county, 
north and east of the Cedar river valley, water is obtained 
chiefly by means of shallow dug wells, some of which draw their 
supply from sand and gravel lenses in the drift, but more from 


IOWA GEO! 





Vinton 





Feet 


1100 


IOWA GEOLOGICAL SURVEY PLATE |X 


mm ——— 38 miles ———_____—__> + 32 miles ———_____» + 25 miles ——————> 
Vinton Anamosa 






Maquoketa 
























































===] alluvium ; ee \._ FEE] Pleistocene ee 
ef z Devonian ==" anaes a 
==: = rt ! 
cos so 2a 
inst ay FE 
: inoue (ae 
— = == 
a seems z= 
saan a : 
| a ee ee Se er aan ea eo 
= 
nes 
a Ba 
= Se ae ee ee en Claas aa 
= = eee —o Bees 
= == saa aes 
= : aaa Stee] 
ens Bees aes ==e fe 
= ES Sees oH a = 
H+ S=S3 SEsa : = ae S =— 
= “= oe pe ae 
ae aes ba 
= ons eae 
Josee [SiS 
=n WSs SS = es 
= e Pe 
ne ee — : 
mani mea 
== =s 
Se 
heated 
Sa 0 
SS - 
a See = 
aes ae 
a S52 
I= Same 


GEOLOGIC SECTION BETWEEN SABULA AND VINTON, IOWA 
By W. H. Norton 
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the porous gravelly beds lying beneath the till and resting on 
the Cedar Valley limestone. The limestone is reached at 
depths ranging from 30 to 150 feet and in most places yields 
a bountiful supply of excellent water. A few wells penetrate 
the Cedar Valley limestone for a short distance and find in it 
a good supply of hard water. 


In the creek valleys shallow wells easily obtain water near 
the surface of the ground. South and west toward Cedar river 
the drift is thinner, and, as the bedrock is nearer the surface, 
rock wells are more common. The well on the farm of William 
Pitts, in the NW. 14 sec. 1, T. 85 N., R. 10 W., where water is 
obtained in limestone at a depth of 76 feet, the drift being 46 
feet thick, is fairly typical. 

Southwest of the Cedar river valley, except in the Belle Plaine 
artesian basin, bedrock is buried beneath a mantle of drift 
ranging in thickness from 100 to 300 feet. Most of the wells 
derive their waters from the sandy layers of the drift but a 
few enter the Cedar Valley limestone to obtain a more perma- 
nent supply. Near Cedar river the surface is deeply trenched 
by the valleys of tributary creeks in whose banks or bluffs the 
Devonian limestone outcrops. 


In Taylor township, southwest of Vinton, the better and 
deeper wells are about 125 feet deep and draw water chiefly 
from gravel at the base of the drift. At the county farm 114 
miles southeast of Vinton, a drilled well 175 feet deep obtains 
water in the Cedar Valley limestone and supplies a small sys- 
tem of waterworks, the water being distributed by compressed 
air. 

In Canton township, where, the limestone is near the surface, 
stock wells on uplands range in depth from 50 to 300 feet, and 
obtain water from the overlying gravel or from the limestone 
itself, 

A few good springs occur in the broken uplands near the 
larger streams. One owned by W. J. White, 142 miles north- 
west of Shellsburg, affords a fair perennial supply for stock. 
A spring one and one-half miles northeast of Shellsburg, owned 
by Allen Primer, yields a water strongly mineral. 

At Garrison bored and dug wells 25 to 50 feet deep are 
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common. Throughout Jackson and Monroe townships, farm 
wells are ordinarily 200 to 400 feet deep and draw hard water 
from limestone. 

The wells of Homer, Big Grove, and Eden townships obtain 
water from gravel beds below the till and from the rock imme- 
diately beneath them. The water is as a rule good and soft. 

In the vicinity of Keystone the eommon dug wells range in 
depth from 20 to 30 feet and draw moderate supplies from 
Kansan drift. On the lower ground, near the streams, a good 
supply of water for stock is usually found in sandy soils within 
8 or 10 feet of the surface. Larger and more permanent sup- 
ples are obtained by means of drilled wells, most of which ob- 
tain an abundant supply in gravel beds about 100 feet below 
the surface. One well, however, two miles west of Keystone, 
enters limestone at 250 feet below the surface. 

The Aftonian gravel, which underlies the Kansan drift at a 
depth ranging from 100 to 300 feet in the southwestern part of 
the county, furnishes the waters for the Belle Plaine artesian 
basin. This gravel occupies the preglacial Iowa channel, which 
extends across the extreme southwest corner of the county, 
and though by no means continuous is found in many of the deep 
drift wells of the central and southern parts of the county. 


BELLE PLAINE ARTESIAN BASIN. 


The Belle Plaine artesian basin includes practically all of 
Jowa township and a small portion of Kane township in Benton 
county, somewhat larger areas in the adjacent portions of Tama 
and Iowa counties, and a small corner of Poweshiek county. It 
embraces a little more. than 100 square miles and occupies a 
portion of the valley of Iowa river, across which it cuts diagon- 
ally at Belle Plaine. The axis of the basin is more nearly north 
and south than that of lowa river and their intersection here 
appears but a coincidence. The basin is six or seven milés 
wide and the northeast margin, so far as Benton county is con- 





Much of the information contained in this brief account is derived from Mos- 
nat’s excellent report on the artesian wells of the Belle Plaine area (Ann. Rept. 
Iowa Geol. Survey, vol. 9, 1898, pp. 521-562). This report contains a large number of 
well sections and a table giving data for nearly 200 flowing and non-flowing 
wells in the basin. 
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cerned, extends from about two miles north of Irving southeast 
to Luzerne and thence south to the county line. Topographically 
the area includes some of the high rolling uplands margining 
the Iowan drift, the more subdued Kansan plain, and the low, 
flat alluvial valley of Iowa river. 

The district became famous by the outbreak of the ‘‘Jumbo’’ 
well in 1886. A brief history of the ‘‘Jumbo’’ well is given by 
W. H. Norton, who says: 


The notoriety of “Jumbo” was strictly that of a member of the criminal 
classes, and began with his resistance to control and lasted only until his final 
imprisonment, Six artesian wells had previously been drilled in the drift at 
Belle Plaine. In depth they varied from 210 to 301 feet, and the common head 
of their water was from 3 feet below the surface to 45 feet above it, according 
to the lie of the ground. * * * The seventh well, “Jumbo,” was.drilled on 
lower ground than any of the others and reached the water-bearing stratum of 
sand and gravel at 193 feet. 

Local historians of the well, which they please to term “the eighth wonder 
of the world” state that the beginning of trouble lay in the fact that the driller 
attempted to use the force of the flow in reaming out the 2-inch bore, which he 
had put down for want of a larger drill, to 3 inches, the dimension specified in 
the contract. This task the water speedily accomplished in the unindurated 
clays and sands, but not stopping there went on and soon enlarged the bore to 
over 3 feet in diameter. Through this shaft the water boiled up in a fountain 
5 feet in height—the press reports giving several hundred feet as the height of 
this fountain Were exaggerated—flooding streets and yards and covering them 
with sand. It is estimated that from 500 to 1,000 carloads of sand were dis- 
charged from the well. The auantity was certainly so great that only with the 
greatest effort could the ditches be kept open to carry off the water. Gravel and 
small pebbles of northern drift were thrown out, and some pieces of fossil 
wood 2 and 3 feet long. The maximum flow of water was variously estimated 
at from 5,000,000 gallons to 9,000,000 gallons per diem. Two weeks after the well 
was drilled Chamberlin calculated its discharge at 3,000,000 gallons for the 
same period. The enormous flow rapidly drew down the head of the other wells 
until it sank beneath the surface. 

The attempts to case and control the well continued from August 26, 1886, 
the date when water was struck, to October 6, 1887, when the task was success- 
fully accomplished. 

During this time the well, 193 feet deep, devoured, as local historians tell us, 
163 feet of 18-inch pipe, 77 feet of 16-inch pipe, 60 feet of 5-inch pipe, an iron 
cone 3 feet in diameter and 24 feet long, 40 carloads of stone, 130 barrels of ce- 
ment, and an inestimable amount of sand and clay. 


It may be of interest to add that in 1906 the entire flow was 


1Norton, W. H., Artesian wells of Iowa: Ann. Rept. Iowa Geol. Survey, vol 6, 
pp. 359-351. 
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carried underground by an ordinary 3-inch tile drain and that 
many teams. pass daily over the former well site. 

Water is obtained in the Belle Plaine area by wells ranging 
in depth from 90 to 360 feet, depending on location, elevation, 
and nearness to the middle of the basin. Not all wells in the 
area yield flows. The flowing wells are most numerous and the 
head is greatest in the southwest corner of the county on the 
flood plain of Iowa river in the vicinity of Belle Plaine. To the 
east and north the head gradually lowers until, on the higher 
uplands toward Keystone and Van Horne, water is found only 
at such depths and with such low head that its recovery is 
difficult. The driller’s log of the ‘‘Jumbo’’ well and the inter- 
pretation given by Mosnat: as typical of all the flowing wells on 
low ground is as follows. 


Record of strata in “Jumbo” well, Belle Plaine. 

















| a Depth Interpretation 
+ —— = 
Feet Feet 
GresOlle with NUMUS2 2 oo ae ee oe ee ce 4 4 | Recent. 
Fan ye Clay oa ase) be ea ce eee eee eee 12 16 |) Loess. 
£. Gravely and ? Sand <-. 8) 2a2 eee eee eee 8 24 |§ 
BONGO Wa CLAY oc ees oe ee a Re eee eee ene j 13 87 | Weathered Kansan till, or 
2. Blue clay, with layers or pockets of sand and; loess. 
gravel and occasional hard bowlders. | 172 209 | Kansan till. 
1.{(a@) Leaves and wood of an old forest bed_--! )------- 209 | Aftonian interglacial stage. 
1(b) Gravel and sand, water bearing ah hd Ba iY 
OQ; Nebraskenetill 2-232. te ee ee ee 











These strata, down to No. 1, do not differ from the usual soil, 
loess and Kansan till, except in thickness. Stratum No. 1, 
which yields the water, is typical of Aftonian interglacial beds 
found in many places in the state. The old forest bed in the 
upper portion is generally reported as about two feet thick, and 
in this district overlies the gravel of the Aftonian—the aquifer 
proper. The thickness of the gravel bed ranges from two feet 
to more than 46 feet, the maximum being unknown as wells do 
not pass through it where it is thickest. This gravel bed grades 
upward into fine sand, the thinner deposits being in places 
entirely of sand. 





1Ann. Rept. Iowa Geol. Survey, vol. 9, 1898, p. 530. 





UNDERGROUND WATERS OF THE HAST-CENTRAL DISTRICT 429 ° 


The aquifer is thicker in the middle of the basin than at the 
sides. Cross sections worked out by Mosnat show conclusively 
that the aquifer and the underlying Nebraskan drift sheet lie 
within an old preglacial valley cut fully 200 feet into the De- 
vonian limestones and shales and that the aquifer dips about 
3% feet per mile southward. The old valley has since been 
filled by the later drift, on which a new drainage system, inde- 
pendent of the old channels, hag been superposed. Unfortun- 
ately, the artesian water of the Belle Plaine area is unsuited for 
general household purposes or for use in boilers or in manu- 
facturing processes on account of the large amounts of calcium 
and magnesium sulphates and other salts it contains. For 
watering stock, however, it furnishes an abundant and inex- 
pensive supply, warm in winter, cool in summer, and’ peren- 
nially flowing. It is used on every farm on which it is available. 


CITY AND VILLAGE SUPPLIES. 


Atkims.—As Atkins (population, 250) is 833 feet above sea 
level, the drill may be expected to reach the Maquoketa shale 
about 250 feet above sea level. Possibly some water may be 
found both in the Devonian and in the Silurian limestones. The 
dry Maquoketa shale is between 250 and 290 feet thick. It is 
underlain by the Galena and Platteville limestones, in which 
some water beds may be discovered. The Saint Peter sand- 
stone, with its assured supply of good water, in this area prob- 
ably lies about 300 feet below sea level. Any drilling should be 
earried 300 to 400 feet deeper still in order to tap the large sup- 
plies of the Prairie du Chien stage and the Jordan sandstone. 
The depth of a successful well thus would be probably about 
1,300 feet. 


Belle Plaine —City well No. 1 (Pls. VIII, XI), at Belle Plaine 
(population, 3,121), has a depth of 1,503 feet, and a diameter 
of 10 inches to 215 feet, 8 inches to 503 feet, 6 inches to 1,300 
feet. 5 inches to bottom of well. Its curb is 810 feet above sea 
level, and its original head 34 feet below the curb; after three 
months’ use the head was 20 feet below the curb. Pump 
cylinders are set at 63 and at 174 feet below surface; pumping 
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capacity, 100 gallons a minute. The well was completed in 1907. 

Water was first found in the Aftonian gravel at a depth of 
214 feet. This flow, estimated at 2,000 gallons a minute, gave 
much trouble and made it impossible to drive the 10-inch easing 
to bedrock. A second flow, estimated as at least 75 gallons a 
minute, was struck at 316 feet from the surface at the base of 
a blue caleareous shale. An analysis shows that this water 
contained 149 grains of solids to the gallon, including more 
than 60 grains of scale-forming salts; magnesium sulphate 
amounted to nearly 13 grains to the gallon and calcium sulphate 
to nearly 18 grains. On the advice of W. H. Norton, drilling 
was continued and water was found in the Galena at a depth of 
1,140 feet and in the Saint Peter at 1,280 feet, within 30 feet 
of the predicted depth. The principal water bed is reported 
at 1,486 feet. | 

Ten-inch casing was put down to 215 feet, brt it could not 
be driven to rock. An eight-inch casing was pul down to the 
first limestone, found at 315 feet, and bedded in it without pack- 
ing. As the water burrowed under this pipe, a six-inch pipe was 
inserted to 174 feet, and within this a 5-inch pipe was placed 
whose base was packed with lead at 503 feet. No casing was 
inserted below this last depth. The total cost of the well, in- 
cluding pumps and pipes connecting with the reservoir, was 
$4,200. It was drilled by the J. P. Miller Artesian Well Com- 
pany, of Chicago. A complete record of the well was not kept, 
but some drillings were saved. 


Record of strata in deep well at Belle Plaine. 








Thick- . 
ness | Depth 








Feet Feet 
Pleistocene: chiefly; no'' samples, == 2222 oe eee ee 283 283 
Devonian (142 feet thick; top, 527 feet above sea level): 
Shale, blue, hard, calcareous, siliceous, pyritiferous; in small chips__.-_..__-_- 12 295 
Shale, greenish, in concreted masses; two samples___-_---.______-_-___-___-___- 20 315 
Limestone, light yellow-gray, rather soft; dull lustre; in small flaky chips; 
rapid effervescence; six. baimplesi.2 oss oe eee eee rags cane eee ee 60 875 
No. sample. 2ss 5 nooo ee a re eae ee eee 10 885 
Limestone, drab, hard, microscopically quartzose; with much light blue chert; 
three’ ‘samples occa te oe secede en as eee eee oe ee eee 40 425 
Silurian: 
Niagaran dolomite (305 feet thick; top, 385 feet above sea level)— 
Dolomite, blue-gray, mottled, slightly vesicular; with a little chert; five 
SalnDples ols sch a See se athe eo Rete ea eee ed eee eee eee 47, 467 
Dolomite; bul, -in crystalline sand 2222 oases ee eer eee eee 8 475 
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Thick- 
nese Depth 
Feet Feet 
REE en AUC ATEN CCOUS. (5 nan seen meas ia ere eaten tae oe eee ane nae 21 496 
Dolomite, puff, nel GO pits le ct Ube Bees eh See ee ea ee eee 3 499 
Dolomite, blue-gray, hard, siliceous; three samples__.__-.-----__----__--___- 26 | 525 
Dolomite, blue-gray, subcrystalline, compact; some shale at 545 feet; | 
Demme TD leg peeeee ato. hae oo eS Pek Ry Bee Oe iad i Boe 60 | 585 
feomice. white, minutely arenaceous —._-...- 22. -- ne ne pee 10 | 595 
Dolomite, gray, in crystalline sand; three samples___---.--.---_--____--___- 30 625 
@olomite, blue, and white chert; four samples.._-...-...-..__<....-.-.-.-.._. 48 | 673 
Dolomite, white, granular; cherty; with some greenish shale__-_---__-______ 2 675 
BEIM C TRY oUWO SAINNICS. tonne es 30 | 705 
Dolomite, gray, with much white chert; three samples__.-_-_---__----_---_- 25 730 
Ordovician: / 
Maquoketa.shale (290 feet thick; top, 80 feet below sea level)— 
Shale, blue, drab; twenty-four BATNY leg teen eee cee ee cease 240 | 970 
Shale, brown- drab: CWO? BH IIGN ornare cee eee a. cee es ee 2¢ 990 
Shale; drab at 990 feet; greenish below; three samples_-_-----.-------__----.- 80 1,020 
agian peeeone to Platteville limestone (260 feet thick; top, 210 feet below sea 
evel)— 
8 RRL Tag page RLM ae ad a tS ge a On PO a | 20 1,040 
Limestone, highly argillaceous; in light gray conereted powder and meal; 
residue cherty and minutely quartzose; effervescence slow_-------------_- 10 1,050 
Limestone; in white concreted powder; effervescence slow; six samples__-_-__) 60 | 1,110 
Limestone; in fine meal, argillaceous residue of minute particles of mottled en 
Se en ae ee a ea he lin cere one wa enene | 10; 1,120 
TEED ene: ei a ag IR SRE SR ga Se PO } 10} 1,130 
EEE BOG GE L911 LOO e oon ne sna te ere eee en tana we memaonne 10 1,140 
EE ae See a ee a ee eee i ae ae ee 20 1,160 
Dolomite; buff, some chert; in sand; two samples__.-...........-...-..._.... 20 1,180 
(TE SGEN cee Ea SS RRR a Sp ST ss a Ce 10 1,190 
PRIM CHONG Y oo age oe on a oa cee noon c sate asabenatenkecunasaenakenss | 10 1,200 
Limestone, gray, granular, rapid @atervesCenC@ ee aan see nee ee ae 10 1,210 
Limestone, argillaceous, in light gray concreted powder and meal; rapid) 
effervescence; highly arenaceous at 1,260 and 1,270 feet, with minute! 
Greihs Pea ta bre Rey Cll SSAINDICS 2c ace cates eee eee em nome sane eoake 70 1,280 
Saint Peter sandstone (40 feet thick; top, 470 feet below sea level)— | 
Sandstone, white, grains well rounded, up to 0.8 millimeter in diameter; | 
some fragments of green shale; three samples____..--_......-..---_____... 40 1,320 
Prairie du Chien stage (183 feet penetrated; top, 510 feet below sea level)— | 
Dolomite, light yellow-gray, argillaceous; in concreted puwder _..-..-.--... 20 1,340 
Dolomite, light yellow-gray; highly arenaceous; grains of sand rounded,| 
some sharp with secondary enlargements; two samples__------.-.----------- 30 1,370 
eer Che 7 PTO SRINDICS eo So a Foe Sa cone ea ence sens wee acan nse 100 | 1,470 
Marl, in powder and small white fragments, slow effervescence; highly silic- 
eous, with microscopic Quartz NtWwOLBaInpleg: -- US eae ee ace a } 20, 1,490 
Sandstone; grains rounded; up to 0.8 millimeter in diameter; clean, slightly, 
PauOwasrOUuTishIns. ON STains | 22-8, 
Analysis of rock in Belle Plaine city well at 555 feet 
53.89 
43.84 
47 
1.04 
13 
-46 
-18 
100.01 


Blarstown.—The town of Blairstown (population, 532) de- 
pends for fire protection on cisterns and private wells and hand 
pumps. <A small private system, owned by Mrs. M. L. Kirk, 
supplies 20 families with satisfactory water pumped by a 21% 





7Made in chemical laboratory of Cornell College, Mount Vernon, Iowa. 
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horsepower gasoline engine from a drilled well, sunk 101 feet 
deep into ‘‘rock sand,’’ into two small elevated tanks from 
which it is distributed by half a mile of mains. Most of the 
Blairstown wells are dug or bored in the drift 15 to 30 feet. 
In some wells gravel is found overlying the hard, shelly lme-- 
stone at a depth of 100 to 120 feet. H. Lipe, in the western part 
of town, has a 130-foot well which obtains water in sand below 
the ‘‘blue clay.’’ A few sandy layers occur in yellow clay above 
but contain little water. . 

The stockyards well evidently penetrates limestone of- the 
Kinderhook stage at 120 feet and it is reported to draw water 
from that stratum. The section follows: 


Log of stockyard well, Blairstown. 

















*f ' 
| Thickness Depth 
Feet Feet 
Soll and yellow’ clay’ (1068) : ==). 20202045. ee ee 7 7 
Olay, blue (Kansan), 2222.52 o ee ean eee eee 80 87 
Soapstone ( Kinderhook) “320.2 222 2220 ee oe ee 33 120 














Keystone.—Keystone (population, 412) is on an upland 
prairie. The town water supply is drawn from a large dug 
well 68 feet deep, in the bottom of which is a drilled hole ex- 
tending down to 130 feet, all in the drift. The water is drawn 
from several layers of sand and gravel. It stands 50 feet 
below the surface, but its level is quickly lowered by pumping. 

The water is forced into an elevated tank holding 1,200 bar- 
rels, and gives a pressure of about 45 pounds in the business 
part of town. The water is chiefly used for fire protection, less 
than 100 barrels being used daily for other purposes. The water 
is regarded as of good quality. Under agreement with the Chi- 
eago, Milwaukee & St. Paul Railway, the town may use water 
from the railway well in case of fire or other emergency. The 
railway system uses a large open well which is on lower 
ground apparently than the town well and has an abundant 
supply. 

Luzerne.—At Luzerne (population, 160) the shallow town ~ 
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well is eight feet in diameter and 25 feet deep. Most of the 
inhabitants, however, use bored wells, from 15 to 35 feet deep, 
which furnish an abundance of good, hard water. 


Mount Auburn.At Mount Auburn (population, 228) water 
for domestic use is commonly obtained from bored drift wells 
ranging in depth from 20 to 55 feet. Throughout Cedar and 
Bruce townships the stock wells range in depth from 100 to 
250 feet, entering limestone at 75 to 150 feet. These wells fur- 
nish a good supply of hard water standing 50 to 100 feet below 
the surface. They are generally pumped with windmills. In 
St. Clair township the deep wells are from 120 to 400 feet deep. 

Shellsburg.—Shellsburg (population, 527) is situated on the 
bottom and north side of the valley of Wildcat creek. The 
public water supply is owned by the town and is obtained from 
an open well, 24 feet deep and 14 feet in diameter, dug on the 
hillslope. The surface deposits of sandy alluvium, about five 
feet thick, pass into fine white sand, which merges into a bed of 
coarse gravel. This gravel overlies the limestone and is sat- 
urated with water. The well is bricked and cemented to the 
bottom, which is in open gravel. Normally it is about half full of 
water, but the level is lowered rapidly by pumping until it 
stands only two or three feet above bottom, where it remains 
constant with the pump drawing 40 gallons a minute. 

The water is forced into a steel tank (capacity, 13,800 gallons) 
in which an air pressure of 40 pounds is maintained. In case 
of fire 240 gallons a minute can be delivered under 80 pounds 
pressure. The water is apparently wholesome, though little is 
used except for fire protection, on account of the ease with 
which water can be obtained from the gravels by a dug well. 
in the lower parts of the town drive points are successfully used 
to draw water from the same source. 

Urbana.—The town of Urbana (population, 306) has no pub- 
lie supply. The shallow wells are dug to rock at a depth of-30 
to 50 feet and find ‘‘sheet water’’ in gravel. A few of the better 
wells are drilled from 100 to 300 feet, and for the most part find 
the most satisfactory supply in the limestone at about 150 feet. 
As this water stands 30 to 50 feet below the surface, a source 


in common with that of shallow wells is indicated. 
28 
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The well at the Urbana creamery is typical of the better drift 
wells. Water is obtained from a bed of sand and gravel under- 
lying the blue clay of the Kansan drift and overlying the bed- 
rock at a depth of 180 feet. J. G. Waitman found water at 100 
feet under similar conditions in the NE. 14 sec. 3, T. 86 N., 
R. 9 W. 


Van Horne—Van Horne (population, 444) is situated on the 
erest of the divide between Cedar and Iowa rivers. Fire pro- 
tection is obtained from two large open wells 25 feet deep. The 
water usually stands 5 to 10 feet from the top and is pumped 
by hand. At the electric light plant a well 20 feet deep was dug 
to.obtain water for boiler feed. The water was fairly satisfac- 
tory, producing little scale, though leaving a heavy white sedi- 
ment. As the supply was, however, insufficient, a hole six inches 
in diameter was.drilled to a depth of 795 feet and cased to rock 
at 264 feet. The driller’s record follows: 


Driller’s log of well at Van Horne. 

















| Thickness Deptb 
y Feet Feet 
Soh and yellow Clay. ..2-<<~225st. so se ce cetacean ee eee eee 
QDlay DMC  - 2 sna ee i i a ee ee eee 234 264 
Eimestone, white 2-0 sass ee cee eee ee 456 720 


Shale (Maquoketa), dry; stopped in shale. _.-*-_ 2a eee 75 795 





The Chicago, Milwaukee & St. Paul Railway dug 136 feet and 
drilled 111 feet to find water in the rock. The ground-water 
level is very low. Wells 200 to 300 feet deep are nearly all in 
drift. 

Vinton—tThe city of Vinton (population, 3,336) owns two 
deep flowing wells, 400 feet apart. One, 1,287 feet deep, was 
drilled by W. N. Casey & Son in 1889; the other, 1.425 feet deep, 
was sunk by A. K. Wallen in 1892. (See Pls. VII, VIII, IX.) 
Both are six inches in diameter and the initial head was 2814 
feet above curb (80044 feet above sea level); the flow of the 
first was 62 gallons per minute, of the second 50 gallons a minute. 
The temperature of their waters is the same—56° F. In well 
No. 1 sulphurous water, rising within eight feet of the surface. 
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was obtained at a depth of 125 feet; water-bearing strata were 
also penetrated at depths of 950, 1,230, and 1,280 feet. The 
easing in this well was carried to a depth of 620 feet. The 
strata penetrated in these wells are indicated in the following 
sections: 


Record of strata in city well No. 1 at Vinton. 











Thick 
ness | Depth 
Quaternary: Feet | Feet 
Aiiieiang aritt deposits in ancient river. valley......-_.............-_..-.... 115 415 


Devonian (20 feet thick; top, 665 feet above sea level): 
Limestone; hard and compact, nonmagnesian, light cream color; fracture sup- 





Ree eae oo ana aa ce nea nena aene anon anes nmenesleeosnasersaes cee ak or 135 
Silurian: 
Niagaran dolomite (215 feet thick; top 645 feet above sea level)— 
Linestoue, magnesian, light buff, porous, subcerystalline.-.........__-..__ 15 158 
Limestone, powder, pinkish, argillaceous, cherty; contains some magnesia; 
associated with some dark clay and light nonmagnesian limestone_______. 18 168 
Limestone, powder, white, nonmagnesian, pyritiferous, with white chert 
Bammerne rounced? grains: Of QUULLZ.-0 2). 26.75 nhc eee 82 250 
Dolomite, hard, compact, subcrystalline, yellowish in color, with white 
Sueromnciosing centers of gray flint..---=--.<..-..--+.<2-.--.-.-.._.-... +... 15 265 
er WCOl ie WHI TG) sca tenes ten as tom eo men aces acuun no euaeeanaceamneawe Ww 276 
Dolomite, bluish gray, subcrystalline, with gray flint----------.--...---.._. ww 285 
SLL Re i a aa gt See ee Se ee eee ee eee 5 290 
Sandstone, verv fine, white; grains angular --.--.............-_._....._-....- 6 295 
Doloiniie. chips soft, light gray, porous, crystalline, with a little dark 
RADE ek sg Aer pce ean maimed aaa exeeente nnd Suenos miecioc hedeone 55 350 
Ordovician: 
Maquoketa shale (269 feet thick; top 430 feet above sea level)— 
DEHEP ITEC HICHTCOUS 525.00 co as 2 = cater os te toe Sem an sean aaivacnna mammacione es 5 876 
Shale, fine, bluish, calcareous; soluble portion magnesian 167 542 
Magnesian limestone or dolomite, chips hard, brown, suberystalline, ferrus. * 
OS. de Sa ee ee EA ES Bae Be a ee 28 565 
DETTORI CAT STAY on. oan ns con ace es ae acess we cnewcaenimewccseeoeeen- 9 574 
De LETS tice CRICRTOOUBS. oe ne en ee es eee eee 45 619 
emer and Platteville limestones (401 feet thick; top 161 feet above sea level)— 
Limestone, powder, light gray; argillaceous; contains some magnesia___-.- 111 730 
Limestone, powder, cream colored; contains some magnesia ------.-----. 30 760 
Limestone, Cr (nyeg gis ses Byes 2 ee ee ee eee 47 807 
Ey ee ee pes Se Sa RE eS pa eee 13 826 
Doe ny, SoS a8 SS eet eee ae 15 835 
meanest gray. chips: minute =<. -2.5 2.2 8-2 <5 Ss nnd 65 900 
Limestone, bluish gray, nonmagnesian; chips minute__---------------------- 75 975 
Lidtestoue, rather soft, fine-grained, compact, light gray, nonmagnesian; 
MNIRTEUERLESE os eee Ss 28 oe 2 2S a Soe ae eewenatcnn 45 1,020 
Saint Peter sandstone ‘(65 feet thick; top 240 feet below sea level)— 
Pennie wor. irariients of TmMestoOne.._.22...--2.sncc cc een cn seen en nnnnns~ 20 1,048 
Sandstone, clean quartz, grains rounded, of moderate and nearly uniform 
momse@iircous. timpid; Burtuce Brounad <2222—6-2-— ee 35 1,075 
Prairie du Chien stage (212 feet penetrated; top 295 feet below sea level)— 
Chert, white; with white dolomite, and greenish slate-like shale_-_-.--..--- . 5 1,080 
Dolomite, chips subcrystalline, minutely porous, medium dark gray, wits 
ID gy eg Sp is ee 15 1,095 
DUEL OREOWUET /6 Ne, SWite) (6-2 soho an en een nine merce nacentoece= 5 1,100 
Dolomite, chips white and light gray, fine-grained, subcrystalline, with 
MEO UOCHCTG can n na ae on oa wn we a i nn wn we nee 25 1,125 
Dolomite, hard, medium dark gray, and softer white_-_-.-------.-------- cae 50 1,176 
Sandstone, with considerable dolomite, grains of silica light colored, vary- 
ing widely in size, largest being about 0.9 millimeter in diameter__-_-_--- 15 1,190 
Dolomite, chips white and light gray, fine-grained, suberystalline, with 
, Some chert 2-2-2222 2a. <8 nn 8 oe nn a so nn en a nes we nnn ee we fo 1,275 
Chert with minute calcareous fragments ----------._------------------------.- VW 1,285 
Sandstone, grains mostly rounded, varying considerably in size, largest : 
about 1 millimeter; also considerable dolomite_-___-__--_-__---------------- 2 1,287 
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Driller’s log of city well No. 2 at Vinton. 








| 








Thick- | 

ness } Depth 

Feet Feet 
surface material --:<6----<~.- 22s dene e asa ore ses eeeee tee een Cee ee ee 100 100 
Limestone, white... .- 2+ 22-2540 3 0 a ae ee eee 200 800 
Clay, tough, DMG) nokia a ee 320 620 
Timestone fi DTOWN) oc cdc= sense mo onl awe oe Ses See ee ee 200 820 
Dimestone Wight) gray 2.2.2 a ae ae ee 150 S70 
Sandstone, Saint, Peter: a nc eeng Avera en eae ae Soe ee ee ee 50 1,020 
Sandstone: Drown> =2..--.. =. 2 ee ee ee 200 1,220 
Sandstone. Nght (water .bearing) . 2.2... cance eee eee ee eee 20 1,240 
SAnNGEtOME:. Coase, Drown | = 22522 coec a eens ee ee ee pees 170 | 1,410 
Sandstone, white, coarse (water bearing) ----- olla ae pees a ee ee 30 | 1,440 











The agreements of the log of well No. 2 with the record and 
drillings of well No. 1 are more marked than the discrepancies. 
In log No. 2 the Niagaran is not discriminated; the top of the 
Maquoketa is 50 feet higher than in the record of well No. 1; 
the Maquoketa is 52 feet thicker, and the Middle Ordovician 
limestones (Galena and Platteville) are as much thinner; the 
Shakopee dolomite is called ‘‘brown sandstone,’’ the drillers 
not distinguishing the fine sand of angular drill-eut fragments 


of dolomite from true siliceous sand—a common error. The 


Saint, Peter has the same thickness in both sections, but it is 
placed 50 feet higher in log No. 2. The thin sandy layer at 
1. ,175 feet in well No. 1 was overlooked in well No. 2. The sand- 
stone at 1,220 feet in well No. 2 is identical with the basal sand- 


stone of well No. 1, and is referred to the New Richmond. 


‘‘Brown sandstone”’ at 1,240 feet of well No. 2 is taken to be the 
Oneota dolomite, and the white water- bearing sandstone at 1,410 
feet the Jordan sandstone. 

In 1909 the flow from the wells had almost ceased. The ecas- 
ings of black iron had become so deeply corroded in 19 years of 
use that they were drawn with great difficulty, and on the north 
well it was considered necessary to use several shots of high 
explosives. By exceptional good fortune the drill hole was not 
completely wrecked and the work of repairing the two wells was 
then intrusted to other hands and was carried forward to suc- 
cessful completion. Both wells were recased with five-inch 
standard galvanized casing to 612 feet—that is, through the 
Maquoketa shale. In making the repairs it was found that the 


as 
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first flow was at about 600 feet, near the base of the shale just 
mentioned. The second flow of 13 gallons per minute was from 
near the summit of the Saint Peter sandstone, at 1,270 feet. 
On completion the flow from each well measured 2714 gallons 
a minute, with a head of 6 feet above the surface of the gtound. 
An air compressor was installed in one well. It works from 173 
feet below the surface and yields 162 gallons a minute. The 
other well is allowed to flow into the cement-lined cistern holding 
2,000 barrels, constructed some years before the repairs were 
made, but the flow of this well is small when the air lift is at 
work in the adjacent well. The inefficiency of the supply before 
the repairs were completed compelled the introduction of a 
second system for which the water was taken from a well 20 feet 
in diameter and 32 feet deep dug in the sand and gravel 60 feet 
from Cedar river and fed from the underflow. On hard pump- 
ing the water level was lowered rapidly, and it was supposed 
that at such times the well drew directly through the sands 
from the river, the water level in well and river ordinarily 
being the same. Into this well a feed pipe used only in emerg- 
encies led directly from the river. A separate pump forced 
the water from this well into a distinct set of mains and supplied 
the railroad, several factories, and the street sprinklers. This 
part of the system consumed about 60 per cent of the total 
amount pumped daily. , 


While the repairs on the wells were in progress and entire de- 
pendence was placed on the shallow well and river, a consider- 
able epidemic of typhoid fever broke out in the city. The city 
supply is now drawn entirely from the two artesian wells. 


Another valuable flowing well six inches in diameter and re- 
ported as 2,000 feet in depth, drawing its supply from the 
deeper artesian sources, is located about two miles west of 
Vinton on W. P. Whipple’s farm. 

About one-third of the population of Vinton is supplied from 
shallow private wells sunk in the drift. Such wells in so large 
a town are very liable to be polluted by water entering from the 
surface. 


The Iowa State College for the Blind has a well 160 feet 
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deep, which has not been used for several years because in one 
summer it failed. The college uses more than 2,500,000 gallons 
annually from the city supply. ; 

A well owned by C, Fee was drilled many years ago in pros- 
pecting for oil. The ‘depth is variously reported as about 2,000 
and near 3,000 feet. The water still flows with a head four or 
five feet above the curb. 


WELL DATA, 


The following table gives data of typical wells in Benton 



































county : 
Typical wells of Benton County. 
: | 
oOo 
o 
* f Remarks 
: ° Source o 
Owner Location - ~ supply \ (Log given in feet) 
| wee) ~~ Ss 
Qa a <j 
o o 3) 
| a | 28 = 
Feet | Feet | Heet 
T. 85 N., R. 9 W. 
(Parts of Polk | 
and Benton). 
Joseph Kisling.:../4 miles southeast’ | -- 224) 2252) seen eens 8 | Cedar river bottoms. 
of Urbana. 
T. 85 N., BR.10 W.} 
(Parts of Tay-| 
lor and Harrison) b 
Wk ee ots sano See. od: 5-33 ee 46 iittnestonec oo ee iosee 
| 
T. 84N., R. 9 W. | 
(Canton) 
M. .White -------- NW. i see. 11_--.- 40 10.) %=-= do ee — 12 Fine hard water. 
Milton Richey ence (NES SC. 2 20cee ro eeOr peeks Gravelsts =. fsss..2 —147 
William Hatfield--|SwWw. 4 sec. 21_---_| 120 |_----- Grayeleeess ae — 60 
James Rife ------ SW....4 sec. ESS SSS 180 2 | Limestone__-__.__. / eee Plenty of hard water. 
TT. 82N., R. 11 W. 
(Le Roy). bd 
Stock yards --._-- Blairstown- 2-.---c. 120,;)-420: «Shale? Se — 20} “Water crevice in dark 
Slate rock.” 
Os E. .Oase...2..- NWS 800. 27.022) 4003) 2 ooo he eee ee ee Seanty supply. 
{ ¥ 
He ohine! sesasee. 3 SE. 34-see. vs... 92:|"(@) "Sands. ha-0 3-5 joao Plenty of good water. 
T. 85 N., R.11 W. 
(Jaekson). , 
J. Alchoru_.-.-...|SE. 3% sec 25_---__. 220 ||) 140! | Limestone. 925 281 
Joseph Kline__---- Niiooe 800.) Cif oa8 149) Soot ewes CQ ee ee re 
William, Baldridge|SE. % sec, 1-_--__. | 20245 eee Teac A eee ROR A aa a 
T. 84.N., R. 10 W. | 
3 (Eden). SE. 3 2 | 
- D. Boneshel__-|SE. sec. 128-2 = | 180} 180 |Gravel___..--__....— 90 | To limestone. 
OC.  Eiw Beaeete ie boa 8eG. 2192 ae | 200 | 198 |l'op limestone____. ._--__ : 
John Powers.---.. ONS one (800s. Done aw tebe" CORO ra eles ae eee a ; 
































ay) 
>) 
© ‘ 
. ° Source of Remarks 
Location te z supply . (Log given in feet) 
= We 2 
A a | 
Seaver: 
i eeeeseC ro. lool Cod IGraveles: nos oo 
Panderson.. NE rd pec, Tls.-. PACU CD eee CO arenes cleaners 
N., RB. 10 W.| , . 
Meeeee eos INW. 2 sec, 102--_. 400° Bent) Limestoness42-4 502s Several holes aban- 
; * doned. 
Soe mV wae BeCds li oeeee A QUOI * 200 haan s AO Sac seccenowk|—LoO 
Thompson. SW. 3 sec. 29..---- oy SAS) ee eae uae age Tea 
Fawcett... |SF. 4 sec. 8.----. | 250 | (a) |Gravel_---.----__|---___ Strong well. 
: Bee Wy eset, | So ebOn i (E) PaNd a sce se lo sk ales) Plenty: of water. 
Reissers_..SF. ee 8eC.. 28.2 2-2. 140 | (a) |---- do Si aces lees 
ries Parschl_—- NE. 2 sec. 34_----- eal ae a OO oe aS Sel OE 





z aXo hon; drift. 
)No rock. 


CEDAR COUNTY. 
BY W. H. NORTON. 


TOPOGRAPHY. 


levations differ by only about 325 feet.’ The strongest topo- 
raphie contrasts are presented by the uplands of Kansan drift 
d the Iowan drift plains. The latter comprise two lobate 
s. One stretches across the northern tier of townships, 

uthern boundary coinciding pretty closely with the line 
the Chicago & North Western railway, which chose the even 
i a low levels of the plain in preference to the rugged 


: he Kansan saland varies in relief accarding to the Jootas 
f its dissection. In Farmington township its nearly level 


cy 
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divides are scored by only the faintest erosion channels; in 
Fairfield township it is a gently rolling prairie; but bordering 
Cedar river in Rochester and Cedar Valley townships it has 
been cut to a maze of the steepest of hills. 


GEOLOGY. 


The rocks of the county fall into two general divisions. The 
Niagaran, a buff dolomite, forms the bedrock over the northern 
and eastern parts, and Devonian limestones of differing litho- 
logic characteristics underlie the southeastern part. (See Pls. 
monk.) 

The drift sheets appearing on the surface are the Kansan 
and the Iowan; a third drift sheet, the Nebraskan, is in places 
found beneath the Kansan and separated from it by old soils 
and forest beds (Aftonian) and outwash sands. 

The loess, a yellow silt, destitute of pebbles, mantles the Kan- 
san areas. 


UNDERGROUND WATER. 


SOURCES. 


The ground-water supplies of Cedar county are, at present, 
drawn chiefly from deep-lying sources. The shallow wells 
which at an early date found plenty of water at the base of the 
loess in ashen silts and basal sands and in sands separating 
yellow and blue stony clays have been generally either aband- 
oned or sunk deeper, because of both decreasing supply and in- 
creasing demands. On alluvial bottoms, such as the flood plains 
of the Cedar and some of the larger creeks, shallow wells still 
are adequate even for farm purposes. 

Aquifers largely used are the sands and gravels associated 
with the drift. These water beds occur as discontinuous lenses 
in the Kansan and Nebraskan, as extensive sheets parting the 
stony clays of the drift, and in basal sands parting, the Nebras- 
kan till from rock. Sands, locally of great thickness, occur in 
the well-marked buried ancient river valley which traverses 
the county from north of Stanwood to the southeast corner. 
Though these sands are, as a rule, saturated with water, they 
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are in many places too fine to yield a supply of water owing 
to the impracticability of screening them out with present 
methods. A very valuable water bed is that formed by the basal 
sands of the drift and the upper few feet of bedrock, broken and ~ 
made pervious by preglacial weathering. 

In the bedrock water occurs throughout the Niagaran dolo- 
mite, where it accumulates in large quantities owing to the im- 
pervious floor of the Maquoketa shale on which the latter rests. 
Water is also found in the Devonian limestones of the southern 
and western parts of the county. In both limestones it occurs 
in channels dissolved by waters seeping along bedding planes 
and joints in porous layers. 


DISTRIBUTION. 


The areas of Iowan drift of the northern and northeastern 
parts of the county can hardly be set off from those of the 
Kansan drift as a distinct underground water province, for the 
Jowan drift forms but a veneer upon the older drift sheet and 
eannot influence the distribution of ground water. The low relief 
of the Iowan allows ground water to stand high and to exude in 
swales and wet-weather ponds, but in only a few places is the 
water thus stored sufficient for farm wells. In places on the Tip- 
ton lobe sands store water sufficient for house wells. 

A well-defined province is that of an ancient rock-cut channel 
deeply buried by the drift, which may be called ‘‘Stanwood 
Channel,’’ as it extends beneath the town of Stanwood. ‘The 
surface of the ground gives no indication whatever of the 
topography of the rock surface lying 300 feet beneath. Enough 
deep wells have been drilled over this ‘‘deep country’’ to out- 
line its general course, although they fail to define accurately 
either its gradient or its width. The channel (fig. 4) enters the 
county in Fremont township and, curving sharply to the east, 
passes southeast to Stanwood. Trending thence southward, it 
passes east of Tipton and follows along the east side of Sugar 
creek. About 21% miles north of Lime City it turns to the 
southeast and near Durant joins the ancient buried valley, 
passing through Scott and Muscatine counties southward. 


















































































































































Figure 4.—Map showing location of wells (@) marking the position of the 
buried Stanwood Channel. Numbers. on wells refer to table on p. 446. lage: 
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At Stanwood the rock floor of the channel is 544 feet above 
sea level, if correctly reported; five miles southeast of Stan- 
wood rock was struck at 440 feet. In southwestern Scott 
county the floor of this channel is not higher that 400 feet above 
sea level. 


In Cedar county the channel is aggraded with river sand be- 
neath and ‘glacial stony clays above. At Stanwood it is filled 
with sand to a height of 116 feet above its floor of rock. At 
Henry Britcher’s place sand 144 feet thick is reported over- 
lying rock. In some wells these sands are replaced by glacial 
pebbly clays and the work of the driller is much lightened. The 
sand is generally of fine grain, and that in one well is reported as 
so fine as to sift through a tobacco sack. It contains streaks 
and beds of coarser sand and even of gravel. It presents a 
serious problem for the driller, for though it is saturated. it is 
for the most part too fine for ordinary types of strainers and 
affords no ground for easing. The water which makes it a 
quicksand forms an inexhaustible reservoir, supplying the 

' gravels at its base and the upper creviced layers of the bedrock. 


No ‘‘deep country’’ is reported in Pioneer township, and 
although the land is considerably diversified in relief, water is 
found generally from 80 to 100 feet from the surface in Niagaran 
dolomite. In the northeastern part some wells are drilled as 
deep as 140 feet. 


Outside the deep buried Stanwood Channel wells in Fremont 
township are of moderate depth. West of this channel rock is 
generally entered at from 80 to 100 feet. Northeast of Me-, 

_chanicsville it comes within from 30 to 50 feet of the surface 
and water is obtained in abundance by wells 80 or 90 feet deep. 
In sections 21 and 28 rock lies lower than 150 and 170 feet below 
the surface of the gently-rolling Kansan upland, indicating 
here a branch of the Stanwood Channel. These wells, like many 
wells of the main channel, find water at top of the river sand 
with which these buried valleys have been deeply filled. 


In the northérn half of Dayton township rock outcrops or is 
found near the surface. In the southern part the drift is 
deeper, reaching in places a depth of more than 125 feet. Wells 
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commonly find water in the Niagaran dolomite within from 80 
and 90 to 120 feet from the surface, the water rising within 40 
feet of the curb. ° 

On the loess-covered dissected Kansan upland west of Mas- 
sillon, in Massillon township, wells find water within 140 feet, 
in Niagaran dolomite, which here comes within 80 or 90 feet 
of the surface. Loess is of unusual thickness and: drift clays 
are thin. 

On the high ridge north of Lowden, extending northwest and 
southeast through sections 20-22, 25-28, 35 and 36, wells on the 
crests are from 150 to 180 feet in depth, finding water in gravels 
of the drift. In one well on this ridge rock was entered at 85 feet 
and water obtained in the Niagaran, the depth of the well being 
144 feet. . 

In Linn, Cass; and Red Oak townships rock lies near the sur- 
face and is rarely as far as 70 or 100 feet below it. Water 
is found chiefly in the Niagaran at depths seldom exceeding 100 
and 120 feet. At the large stock farm of Alexartder Buchanan, 
in sections 13 and 18, Linn township, a well was sunk to the 
very exceptional depth of 300 feet, of which 230 feet were in 
rock, presumably the Niagaran. 

Northwest of Tipton, in Center township, rock underlies the 
Iowan drift plain at no great depth, and outcrops are not un- 
common. Wells find plenty of water within 50 feet or less of 
the surface. In and about Tipton a greater depth of wells is 
rendered necessary by the deeper-lying rock. Thus at the fair 
grounds a well was sunk 201 feet, 105 feet being in rock. At A. 
Birk’s, northeast of town, rock was entered at 175 feet, and the 
total depth of the well is 275 feet. At H. L. Huker’s, on the 
east side of town, a well 197 feet deep found no rock. There 
seems to be here either a strong descent to the buried Stanwood 
Channel, which lies east of Tipton, or perhaps the channel of a 
tributary. Within the city limits the depth to rock ranges from 
85 to 130 feet and water is found either immediately upon or 
in the rock. 

Near the border of the Iowan drift house wells obtain water 
in the basal sands of the loess: The sands which part the blue and 
yellow tills also afford a moderate supply. 
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Over most of the southwestern part of Center township wells 
find water in limestone, either Niagaran or Devonian, within. 
from 80 to 130 and 140 feet of the surface. Here the bedrock is in 
few places covered with more than 80 feet of drift. In the 
eastern part of the township, beyond the belt of ‘‘deep country’’ 
of the buried Stanwood Channel, the drift is from 80 to 130 
feet thick, and wells commonly find water in the Niagaran at 
depths of from 100 to 150 feet. 


Concerning Inland township the facts at hand relate chiefly 
to wells in the northern part, where stock wells range from 100 
to 170 feet, finding water in rock a few feet below its surface. 
The drift here is 60 to 170 feet thick. 

In the maze of steep hills of the Kansan upland of the eastern 
part of Grover township water is found in rock from 100 to 180 
‘feet below the surface, the cover of loess and till being 70 to 
100 feet thick. In the western’part of the township the drift is 
170 to 200 feet thick and several wells are 190 to 220 feet deep. 

In Springdale township the drift is deep, ranging generally 
from 100 to 180 feet. In the extreme northeast sections the 
drift is thinner, and at the village of Springdale rock is entered 
at 50 feet. The wells reported range in depth from 120 to 215 
feet, water commonly being found in Devonian limestone. 

In Iowa and Rochester townships the Devonian limestones 
appear at the surface or closely approach it. On the upland of 
lowa township rock is found at 40 to 80 feet. In some rock-cut 
buried valleys the rock lies as deep ag 120 feet. In Rochester 
township, though rock outcrops east of Rochester, it occurs as 
_ deep as 120 and 200 feet in the northeastern sections. The wells 
reported penetrate the limestones to depths ranging from 20 
to 100 feet before finding sufficient water, and exceptionally 
wells are sunk in rock as much as 120 feet. Northeast of Spring- 
dale a well 200 feet deep is reported. 

In Sugar Creek and Farmington townships, outside the course 
of the Stanwood Channel, rock approaches within 40 and 59 
feet of the surface between Sudbury and Durant and north of 
Lime City. Northeast of Lime City it lies from 90 to 125 feet 
below the surface, and one well, which may be on a tributary of 
the Stanwood Channel, is reported to end in gravel at 325 feet. 
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.In the western part of Farmington township the drift appears 
to be from 80 to 140 feet thick. Water is found in or on the 
rock, and wells, except in the buried channel, seldom exceed 130 
feet‘in depth. 


Wells in the Stanwood Channel. 























cS) 
2 
No. Owner Location te Remarks: (Log given in feet) 
ies 
Q a 
o o 
=) A. 
EDS oh N's we us 1 W's Feet | Peet 
(Fremont). ~ : 
i Wilfiams f.co-- SE) SE. ssc. 322— 4 154 BR Yellow clay, 30; blue clay, 100; 
sand, 24. 
Drew Rivhy 2.2. ee NOW. -$sec.; 10us sea 162 | 22oe2 : 
20 GL. .Lehrman:-.-t...--- INIW... }: SGG 1) Qa See ees TOR ee Blue clay, 90: dark fine sand, 13. 
4°UA° “Pound... (NW asec. 16 ee eee Drift clays, 125; sand and gravel, 
| 91. Water rises within 60 feet 
of surface. 
GPalono Moly io oe STE, BOC. Site ee eeore 267 | === 
Coys Paints os 00,17 can See ee LOY pee ees Blue clay, 180; sand, 17. 
ame tA) Bari. 2 NR ee Lal hg i as 210 | 1&0 |Blue clay, 120; sand, 60. 
8 George Melton_-_-_--- INW. 4 SW. 3 sec. 15--.-| 192 |.__.. |Drift clays with streaks of sand 
caus 7 feet thick), 180; sand, 
S: J..> Pereuson....-_...- NW. a NW. 2 (Se@l b> cohen une 
1@ Tile Works, Stanwood SW. 3 sec. 24-.--. ~..---| 3840 | 2u6 | Yellow loess, 20; ashen loess, 7; 
green clay, 1: yellow, stony 
clay, 7; blue clay (Kansan) ,65; 
sand, with fragments of wood 
(Aftonian), 15; blue clay (Ne- 
braskan),; 65; sand, 116; shale 
(Maquoketa), 44. 
Myo S.- Hoyman.--._..’ NW. 3. SE. sel 2a5eec) 2aG Wo 220 
T. 62 N..R.2 W. 
(Dayton). : 
18 (8> Mes Davicxon:.-_. SE). od) SCC 19 2s see ee 230 215 


(Fairfield). a: 
18° Henry Britcher_-_----- SF. % NE. 3 sec. G_----- 365 | 327 |Yellow clay, 60; blue clay, 123; 
} sand, 144; limestone, 12; blue 
soapstone, 6; limestone with 


water, 20. } 

12-00) (Ds Johnson... |NW. 4 5e¢, 6. 250 | 220 | Yellow clay, 30; blue clay, 50; 
fine, white sand; limestone, 
with water rising within 50 feet 
of surface, 30. 

12 )717 MONAHAN ~~~ so ISE. 3 SW. 3 sec. 8__---. ASD seco 

16 George Kinney_____-_- NW. 34 NW. 3 sec. 17__.-| 833 | 3820 

iy ON. and 5%) Lay. SUPE S60. dT aeee se ees 240 | 180 

Spe, Lele beprielles2. |SWs 2 BGC, 16-22-25 3 295 | 292 ‘ 

100A ase. 2 SW. 4 NE. } sec. 16_____. 198 | 177 |Yellow clay, 20; blue clay, 155; 

| a little sand on rock. 

Oe Peta yee ee INDY asec: (20 tere 247 | 184 f 

ie Pek Winverds 2 ois: Ro ak SACO Ny ae x ee B12 278 

pes rid DP eters nts © 2 INIW:. 4 8@e) 292 Se pesos sae 5 blue clay; not 10 feet of 
sand. 

28 ‘DP. Moreland._....0- NW. se seC. 28. Sao ae C8 yates 

O42 POON Milligan. 2. NE. % sce. 33_/..--....-.| 250 | 248 |Drift clays, 80; fine sand, 160; 








black clay (geest?), 8; porous 
limestone, 2. Water irises 
within 30 feet of surface. 
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a4 
Oo | 
5 
ma 
nS Owner Location £ | Remarks (Logs given in feet) 
a | eups 
| | i eee 
3 o o 
A A A 
ow tT. so. N., R. 2 W. =f ‘a’ eek x 
(Part of Center). ; Feet | Feet 
95 W. Stubblefield__..._..‘NE. 3 NE. 3 sec. 9.--..- 302 | 220 th etted clay, 40; blue clay, 180; 
: sand, 
See VW i Gary. ...._..— Di Welt, 800, 162220 cosk = 304 | 302 
Pperrer art. 1s (NE) 4 sec. 22-2.) 22 200 ee es 
foaeeye Helmer__.......___-|SE. } SE. 3 sec. 23...-.. SOG Mee 
ieeOeN., wt. 2 W. 


(Sugar Creek; part of 
Rochester). 
Sue CAYTCS: .=....5<----< INE So awSe@. Tse eeene 3 OY a | 


; (Farmington). 











mreGnnerice —2.-.......|SW. + SW. 4 sec. 5...-.-| 110 |.-.--- | 
31 ©. H. Nienaber_..-__. IN Dee BbG 27. SGN soe 2 | 
SB RCNSPitzieres dO --.-.2--2-2-L.---: Pe) | a Se 
PPA Le art? ......:.cINW.. 3 8eC. 33..---....... ihe 


eFor position of wells see fig. 4. 
CITY AND VILLAGE SUPPLIES. 


Buchanan.—At Buchanan (population, 61) water ts obtained 
from drilled wells 27 to 127 feet deep, a depth of 120 feet being 
very common. The water in the deeper wells rises within 70 
feet of the surface. Springs furnish a small part of the water. 


Clarence.——The water supply of Clarence (population, 662) is 
pumped from a well to an elevated tank giving a gravity pres- 
sure of 40 pounds. There are two miles of mains, 11 fire hy- 
drants, and 100 taps. Many house wells, ranging in depth from 
20 to 115 feet, are still used. These wells enter rock at 60 feet, 
and obtain their largest supplies at about 90 feet. The water 


of the deeper wells rises within 40 feet of the surface. 


Durant.—At Durant (population, 720) the public supply is 
drawn from a well and pumped to an elevated tank. with a eapac- 
ity of 600 barrels, supplying ‘a gravity pressure of 46 pounds. 
There are two miles of mains and 24 hydrants. House wells 
ranging in depth from 40 to 50 feet and obtaining water in sand 
are used largely. 


Lowden.—In Lowden (population, 584) water is obtained 
from wells that range in depth from 20 to 200 feet. A small 
amount is obtained from springs. 
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Mechanicsville—At Mechanicsville (population, 817) water is 
pumped from wells into a tank, giving gravity pressure of 45 
pounds. There are 4,400 feet of mains and 12 hydrants. 


Springdale—At Springdale (population, 125) wells range in 
depth from 75 to 150 feet. 


Stanwood.—Open and drilled wells ranging in depth from 
20 to 300 feet furnish water at Stanwood (population, 511). The. 
depth to the water-bearing formation in the deeper wells is 120 
feet, and water rises within 50 feet of the surface. A well 630 
feet deep and ranging in diameter from 105 to 8 inches was 
sunk at the Chicago & North Western railway track in 1905. 
(See Pl. XI.) The elevation of the curb is 847 feet above sea 
level. Water was not found in adequate quantity and the well 
was abandoned in 1907. The record of this well based on 
driller’s log follows: 


Record of strata in railway well at Stanwood. 

















| Thickness Depth 
“e Feet Feet 
Pleistocene (300 feet thick; top, 847 feet above sea level): 
Olay, yellow, soft 2...:552 2323 i ee eS eee 30 30 
Ciny: bhuie;) soit... 29 2 eee eee 80 110 
Clay, sandy, brown, hard 8 118 
Clay, blue, soft: 2220.2 oes ee ee 84 202 
Sand and mud, soft; some blue and some yellow--------__~-----------.-.- 98 300 
Silurian: 
Niagaran dolomite (70 feet thick; top, 547 feet above sea level)— 
Streaks of clay and lime rock; had to be cased_-----__------___-.-_- 20 320 
Lime rock, light-colored, soft: ‘a) little: waters 220-22 ee 50 370 
Ordovician: 
Maovoketa shale (250 feet thick; top, 477 feet above sea level)— 
Shale, light. ‘blue, soft) 2223222 ee Soe eee Be EES 250 620 
Galena limestone (10 feet penetrated; top, 297° feet above sea level)— 
iLim6é rock: gray, hard) 3.252 -schsespasaseseaeene es asedewoeeeee eee 10 630 
an ter. : 


Sunbury.—tIn Sunbury (population, 200) water is obtained 


chiefly from wells and cisterns. A small quantity is also ob- 
tained from springs. 


Tipton.—The water supply of Tipton (population, 2,048) is 
drawn from a well 2,69614 feet deep. (See Pl. X.) The diam- 
eter is reported as eight inches. The well was originally cased 
to 120 feet and was recased in 1889 to 225 feet. The curb is 
810 feet above sea level, and the original head was 65 feet below 
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Record of strata in city well at Tipton. 


th e curb. The present head is about eighty feet below 
-eurb. The tested capacity of the well is 225 gallons a min- 
es The water beds are unknown, but the drillers, J. P. Miller 











en a a a oe a oo oe 8 + ee ee ee ee + + 













































Silurian: 

im Niagaran dolomite (865 feet thick; top, 675 feet above sea level)— 
__ Limestone and dolomite, light.gray, hard; white chert at 135 feet; 
dolomite, buff, at 300 feet; limestone, soft, medium dark gray, 


laquoketa shale (200 feet thick; top, 310 feet above sea level)— 
Shale, greenish; 3 nT Li ip hl tele oe 
Shale, gray-green; in fine meal of argillo-siliceous particles, and 
grains of dolomite; some rather coarse imperfectly rounded grains 
of varicolored quartz patos, ta ee le SS Sa eee eee eee 

mame’. in-eoncreted POWder....2-.2—-.2--- ae nnn nent 
P Shale. chocolate-brown. slightly bituminous_.._._._.-_.--....____.___ 
Pimomite, brown, argillaceous, earthy ...-_-..-................-...-.. 
a REE ge ctl nical > aa PE A a ep ee 

Galena limestone to Platteville limestone (330 feet thick; top, 110 
ot - feet above sea level)— 

SeiDolomite, buff and gray: 4 samples__.____-____-____-.---__---.----_-_- 
Semuinestone: light buff, soft, magnesian_-__..-..-__...-.-....--.-..-.- 
Limestone, soft, grayish white, AUPINACROUS2 222. =o tate ae ae 
Limestone, white, SUPE Lae ees Bikeete sn. Soe ne ee 
RIETEM I TP 1he) TOW reeen cee  ee ee E 
BNET NG) CLOTKCD: OTAY ooo on ss a sean nan enema tnane 
: Limestone, dark blue-gray; fossiliferous, argillaceous_-------------- 
‘ mnie, green (probably Decorah shale).............--...---.--=--..--. 
= kimestone, dark blue-gray, argillaceous__--_....-..--....--.-...-.. 
aes Peter sandstone (55 feet thick; top, 220 feet below sea level)— 

- Sandstone, clean, white; grains rounded; OLB AMID ed see eee es 
pie enizic du Ohien stage (377 feet thick; top, 275 feet below sea level)— 
Dolomite, gray; green shale in drillings es la Ne ae a ee a 
5%. meMMniCA-sgOIe Sard, in tdrillings 225.2 25..5 22 t= --- 

‘Marl, white, dolomitic, argillaceous, and minutely arenaceous_---_- 
- Dolomite, gray, buff, and in places white; cherty, especially toward 
_. the base; white powder AG1¢300; 1e6ts tr BaMplescu. oS 
BEET oer NG) GAT eee trate ee 
“a 2 TE ASE) APS R009 a ee ees 
se ‘Dolomite, RUB HM A ATG Ms ee te ee eLoeee fe Loe ye eS ee ot 

a Dolomite, giay we cOnsidernnle: Balser e use ts cee 


den sandstone (118 feet thick; top, 652 feet below sea level)— 

‘Sandstone, calciferous; fine, light colored; rounded grains of quartz, 
some showing secondary enlargements; also many minute angular 
cuttings of white subcrystalline dolomite._.-...-..-----------_------ 


‘Sandstone, fine, white and light yellow; 2 samples_-__--.-------_----- 
‘Dolomite, highly Siiteentsemw nite eset ee mena Ook To oe eee eh: 
‘Sandstone, PG OTA MCU nl at be VOLO Woes ee oho oa ae ue 
aint Lawrence formation (222 feet thick; top, 770 feet below sea 


2 BUCO MEE = <A Sle ee BE Pe ee ee cee hae en ere 


Dolomite, Gearke BT AVG cea ssccoa woe oe 
Dolomite, protean i OuR ANG on se st aes leet. Ne AOR Ee ee ee 
: ae TLRS GRA plllse oo WIS SIS ae: SSI SS SR eee 

4 Shale, dark greenish, pyritiferous; much dolomite and chips of fine- 
4 eee RU RUTRCCOUSN BANOS tONG! 25 waar coe ase a aeeaecunuceoescdan- 
PETIT T1kmere rene Seem ee So ee 


29 





po bow bk 





MEEMRT ao ithe) 2 .CaINplCds 22-2 moe ks 


Feet | 


135 





Thickness | Depth 


Feet 


135 
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| fhickness | Depth 








Feet Feet 
Dresbach sandstone and underlying Cambrian strata (443 feet thick; top : 
992 feet below sea level)— 
Sandstone, clean, white, saccharoidal; grains generally rounded 
but many faceted with secondary enlargements; largest grains 
1 mm dine diameter: 2... 255 connec cent epaces mee ae ee ane amee 62 1,802 
Sandstone; white, fine; 3 samples... ~~ see ee oe 88 |, 1,890 
Sandstane: in fine, silicequs powder* 2-2 eee 5 1,895 
Sandstone, white; grains very fine, mostly angular__--------_-----_- 5 1,900 
Marl, minutely arenaceous: <---2 3222s ee er eee 10 1,910 
sandstone, fine,. white; shale in’ drillings: 2-22-2222 ee / 15 1,925 ~ 
Sindstane; (built; fine \-22— 2222 eee fr en RAE aha PA are 25 1,950 
Marl, siliceous and. glauconiferouss-- ere a ee eee 15 1,965 
Sandstone, pink; in minute angular fragments_-_-__---------_-----_- | 25 1,990 
Mii], siliceous and glauconiferous 222-9225. | 5 1,995 
Marl, pink-gray; microscopically quartzose; glauconiferous__------ 75 2,070 
Marl, reddish, microscopically quartzose; glauconiferous_---.----- 30 2,100 
Sandstone, gray; in fine powder, consisting as seen under the 
microscope of angular particles of quartz; calcareous cement_-_-- 50 2,150 
Sandstone, buff, flne-prained ee ee eee | 10 2,160 
Sandstone, fine, white —---..-----_-- Spee PE eee Ese) | 50 2,210 
Sandstone, white; grains ot moderate size, mostly broken; some 
with secondary -enlargements' (-~ 2:22 2o2o ee ee ee 10 2,220 
Algonkian (7?) (4514 feet penetrated; top, 1,435 feet below sea level): 
Sandstone, clean, pink, 2 samples____—__<--- oo eee 50 2,270 
Sandstone, red and brown; 3: samples.—2+32225 = as en ee | 70 2,340 
Sandstone, moderately fine; grains broken, pink_-----_----------------- ) 20 » 2,360 
Sandstone, fine, cream. colored—-——_ 20 oe ee ee 5 2,865 
Sandstone, pink; angular grains and grains with secondary enlarge- 
mets 2225 a | 35 2,400 
Sandstone, pink, fine; in angular cuttings, 2,420 and 2,430_ 30 2,430 
Sandstone; Light Vyeulo Ww. Seer re eee 5 2,485 
Sandstone; dark brown 222-2232 .- = SS eee | 40 2,475 
Sandstone, terra-cotta’ red; (One ]---_-- os eee eee eee H 10 2,425 
Sandstone, reddish; (2 wamples [222740 ee eee . 35 2,520 
Sandstone, buff, fine 2.2 <-2ses2ec a eee | 15 2,585 
Sandstone, reddish (32-222. <2 ses SS ea Se ee | 15 2,550 
Sandstone, Ught purplish, fie ois = one a eee eee 10 2,560 
Sandstone, reddish brown, fine; 8 samples-<---— SSS eee 25 2,585 
Sandstone, dark reddish brown; grains angular, 2,600 and 2,610__.-..-_| 25 2,610 
Sandstone, purplish; 2) saniplessi 222-2223) ee eee eee 15 2,625 
Sandstone, red, pink and brown, fine; grains broken; 15 samples______-| 71k _ 2,696 








The water is pumped to a standpipe with a capacity of 27,000 
gallons, affording a domestic pressure of 45 pounds. Direct 
pressure is 100 pounds. There are 3% miles of mains, 46 fire 
hydrants, and 320 taps. The consumption averages 45,000 gal- 
lons a day. 

West Branch.—Waterworks were installed at West Branch 


(population, 643) in 1906. The supply is from an eight-inch 


well, 65 feet deep, with a capacity of 100 gallons per minute. 
Pumping 1314 hours lowered the water to but seven feet below 
the surface of the ground. The water bed is honeyecombed lime- 
stone of Devonian age. Rock is entered at six feet. Water is: 
pumped to a tank with capacity of 30,000 gallons, affording a 
gravity pressure of 103 pounds. . There are 1%4 miles of mains 
and 23 fire hydrants. Village house wells range from 20 to 50 
feet in depth. 
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WELL DATA, 


Typicat wells in Cedar County. 














ad 
oO 
3 
‘ HH 
z Location & Remarks: (Logs given in feet) 
a 
ry 
o 
Feet ists 
a 
25 
eh (ee Dn LAE 80 | Nearly all blue clay; bowlders from 
: 20 to 40. 
afte Ae Se 50 | Yellow clay 20; blue clay, 30. 
100 
16 
ial 
36 


Ree oe 100 | Drift clays, 100; limestone, 10; green- 
ish pipe clay (Carboniferous cav- 
ern filling) 10; limestone to bot- 


a tom. 
ander Moffitt ---) ww. 4 sec. 6--------- 98 40 
der Buchan an- NW idrace is 300 70 
NT oe SOG= fee se 65 85 
al IW ra BeCes Bi s22 5. Le. 133 4) | - 
Waewere=ee| Gone JR 0s ie 169 120 | Yellow clay, 60; sand, 60. 


156 136 | On rock was found “red granite,”’ 
8 inches thick, which eut drill and 
was dynamited. 

109 80 | 60 feet of sand. Strong flow of gas 
encountered at 60 feet hetween 
elay ahove and sand; would blow 


off hat. 
KAY See eee 160 110 
yc ae a ed 156 150 | Yellow clay deep in this vicinity. 
ACL ONE ANS ye SR tin 102 | Yellow flan soft, 45; blue clay, 15; 
pebbles, 2. 
See wiOe seco e a2. we 156 136 | No sand. 
SECS ligeee te ee eee ee 100 73 | Yellow clay, 10; blue clay, 63. 
PP Ote Rien ee - 180 130 | Yellow clay, 20, sand, 9v. 
mien et SoG ih ee ee 140 129 
Beletwereere || Sec. 107-52 eso t ES 199 54 
Becwoiit cs 149 70 | Yellow clay, 85; blue clay, 35 
BOC 2 eee ee eeeece 120 60 | Yellow clay, 20; blue clay, 40. 
OC eae ae ee ls 121 11s | 0 teet of sand on rock. 
ECs Meee sete, 108 108 | Yellow clay, 20; blue clay, 48; on 
/ paha hill. 
DBOCyeO eas eens 105 |...-----] Blue clay, 20; pebbly hardpan over- 


lying quicksand, 20; gravel, 65. 


or 
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Typical wells in Cedar County—Continued. 

















| 
| Wiese 
| Bay 
Owner | Location g 
| vel | a 
| a a 
o o 
z | 3 
; Feet Feet 
PP SSNs eiweoe) WV « 
(Fairfield; part of 
Center). 
Moses ‘Brunker ------ Pye eee bas 15 131' 
Adam Birk ----------| See. 81 ¢2_22215--222-= 275 176 
P. Metz -------------- Sees 80 se eee 120 51 
L. Haggerty --------- Seby Gili See 170 110 
Johnson Spear ---.-- NW. # sec. 16__--.- 198 This 
E. H, Carl ---------- Sé0s 1Spsah as ee ee 146 120 
J. O. Gasford —-2—-- Pra Paes een ibOve ee 
Matt. Fell ----------- Seas 20. eae eee eee 133 110 
J. Kroeplene -------- hye) bee Ook LN 125 118 
T, 79 N., R. 1 W. 
(Farmington). 
Charles Moorehouse-- SW. ds wee ee 145 hole 
J. F. Schroeder------ Sep Ba eee ee 114 80 
Henry Steffen) = ----| sae, 7a 2 Pe es 54 46 
William Miller ~------| gee, 16 ______.__)___.. 132 132 
Johann Klohn ----.-- ie etalon 2 Palen 100 48 
T. 82N., R. 3 W. 
(Fremont). 
R. M. Oarli_---------- See. 9) sere eee 190 160 
P. Farrington ----.--| SE. } sec. 4____--.-- 120 120 
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ABS LEDOMas) a. -=— SeC..20 eau eee 93 93 
A. MS House? 22 — Sec, (20 eee 111 105 
Alex. Oaldwell ------- ING. ok BEGs peaks See TOS alee cee 
T. 80ON., R. 4 W. 
(Gower). 
Jie Awe APMISET ONS yoo. |e eCn A reeean eee eee 120 100 
AwirD L Wisher=_<0.2-2 SOC 0) 2 a eee rece 220 180 
Tew. Fitzpatriek._.| Sec. ds 22-2 so ee 180 75 
Jae Pucker ess Sets Toe eseey ee eek 112 30 
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T. 80 N., R. 1 W. 
(Inland). 
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Remarks: (Logs given in feet) 


Yellow clay, 20; blue clay with a 
very little sand, 156; solid log or 
limb of wood at 166; no dark soil; 
rock,99. 


Much sand and gravel. 


‘| Yellow clay, 20; blue clay, 80; gravel, 


10. 
Nearly al) sand and gravel to rock. 


Black soil, 10; blue clay, 40; sand, 
40; gravel, 20. 


All yellow clay to rock. 
Yellow and blue clays, 80; sand, 30; 
blue clay, 22. 


Blue clay, 100; sand and gravel, 60. 
Yellow clay, 24; blue clay, 64; sand, 
He muck, 10; blue clay and gravel, 


Foot of Stanwood paha. Mostlv 


blue clay; 3 sand beds. 


Yellow clay, 20; blue clay nearly to 
rock; water in gravel on rock. 


On NW. 3 NE. 3, drift clays, 120; 
sand, 48. On SE. 4, NE. 4% rock 
was entered at 98, and the drill 
stopped at 118. 


Yellow and blue clay to rock. 
Drift clays, 140; sand, 40. 
Hill. 

Yellow clay, 60; blue clay, 40. 


Yellow clay, 20; blue clay, 75. 


8 feet of sand on rock. 

Yellow clay, 40; blue clay, 45; sand, 
5. Water on rock, head, 40 feet. 
Yellow clay, 50; blue clay, 50; quick- 

sand, 40; blue clay to rock. 


Typical Wells in Cedar County—Concluded. 
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Remarks: (Logs given in feet) 


Water in blue limestone. 
All yellow clay to rock. 
Water in blue limestone. 


From 110 to 120 feet “pipe clay” 
(shale) underlain by 4 feet of coa' 


Yellow clay, 70; blue clay, 86; sand, 
1, to rock, Hill. 

First rock shelly limestone, 3; »lue 
shale, 5; hard limestone, 96. 

No sand, rock soft and shaly. 

Soft blue clay, 50; sand and clay 
mixed, mucky, black, 100; clean 
fine sand resting on gravel, 70. 

Across road from Ayers. Clay, 50; 
muddy sand, 100; clean sand, 75; . 
gravel, 20. 

Yellow clay, 74; sand, 10. A 


Pipe clay from 125 to 131’. 

Yellow clay, 20; soft sandy blue 
clay, 20. 

On belt of “deep country,’’ which 
starts in west of West Branch and 
runs west of Downey. 


Well unfinished. Loess, 60; ashen 
loess, 10; sand, 12, to rock. Hill. 

Blue clay, 50; sand, 70. Hill. 

Water at 180; much sand. 

Yellow clay, 40; blue clay to bottoin; 
water in streak of sand at 110. 


Yellow clay, 35; blue clay, 85; rock, 
Yellow clay, 30; blue clay, 110; river 
sand, 3. 
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CLINTON COUNTY 


BY W. H. NORTON. 


TOPOGRAPHY. 


The upland of the northeastern townships of Clinton county 
attains a height of 900 feet above sea level and is deeply and 
intricately dissected. The topography is that characteristic of 
the driftless area and the belt of Kansan drift immediately 
adjacent. The entire area of these townships has been reduced 
by long erosion to valley slopes. 

The southern portion of the county consists of a ent ean un- 
dulating plain of Iowan drift, diversified, near the edges, with 
ridges and elongated hills of the older drift, capped with loess, 
and trending from northwest to southeast. 

Wide alluvial plains occur not only along the Mississippi but 
also along the entire course of Wapsipinicon river (except a 
short rock-bound reach at Big Rock), and up the valley of 
Yankee Run. A broad strip of lowland known as the Goose 
Lake Channel, crossing the county from north to south, marks 
an ancient temporary channel of the Mississippi. 


GEOLOGY. 


The bulk of the Pleistocene deposits of Clinton county con- 
sists of the Kansan and the Nebraskan drift sheets, the Iowan 
drift forming but a veneer on the area allotted to it. The 
northern dissected Kansan upland is thickly covered with a 
pebbleless yellow silt or dust, the loess. The foundation rock 
on which the superficial deposits rest throughout most of the 
county is the Niagaran dolomite; some deep-cut ancient valleys, 
however, are filled with drift which reaches to the Maquoketa, 
a blue plastie shale which outcrops along the base of the bluffs 
of the Mississippi as far south ag Lyons. 
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UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


Clinton county offers a wide variety of water beds, including 


the alluvial plains with their shallow ground water, the glacial 


gravels associated with the different sheets of glacial drift, 
and the Niagaran dolomite. Some of the deepest farm wells of 
the county tap still deeper horizons, in the Maquoketa shale 
and the underlying Galena dolomite. The artesian wells of 


Clinton pass through the Ordovician formations and tap the 


Jordan and Dresbach sandstones, and deeper Cambrian strata. 

In Sharon township, on the Kansan upland, the drill strikes 
the Niagaran dolomite at depths ranging from 70 to 120 feet 
and finds water within 150 feet of the surface. On the Jowan 
drift plain in the southern part of the township wells south of 
Lost Nation find water in glacial gravels less than 150 feet 
from the surface. 

In the northeastern section of Brookfield township, rock ap- 
pears at the surface. Water is found in the Niagaran at depths 
seldom exceeding 150 feet. A deep-buried river channel en- 
ters the northwestern part of the township from Jackson county, 
passes east of Elwood, and thence trends southwest. The low- 
est altitude recorded for the rock floor of this buried valley is 
470 feet above sea level. This ‘‘deep country’’ passes through 
a well-dissected Kansan upland and several wells approach or 
exceed 300 feet in depth. Water is usually found in gravel 
before reaching rock, but in one or two wells drilling was con- 
tinued to some depth in the Maquoketa shale. — 


eit Bloomfield township no well reported exceeds 175 feet in 
depth. Water is usually found in the Niagaran, which is gen- 


. erally reached from 50 to 125 feet from the surface. Hxcep- 


bis: 


tional wells which failed to reach rock and disclose an ancient 
buried river channel are reported, one on the aggraded valley of 
Deep creek (section 32), which passed through 144 feet of quick- 
sand and struck rock 171 feet below the surface; and two wells 
in the hilly country north of Delmar (sections 10 and 11), 
which reached 200 feet, passing mainly through blue stony clay. 
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In Waterford township the scanty data at hand indicate that 
the Niagaran is covered but thinly with drift in many places. 
Water is commonly found in this dolomite at depths of less than 
150 feet. The Maquoketa underlies the Niagaran at moderate 
depths; in section 3 it. occurs not lower than 550 feet above sea 
level. At Browns, on Sugar ereek, an ancient channel was dis- — 
covered by a well which passed through 199 feet of drift to the 
Maquoketa shale, whose summit is about 500 feet above sea 
level. 
Most of the wells of Deep Creek township find abundant 
water in the Niagaran, which there lies 150 feet below the sur- 
face. ‘In the marshy lowlands known as Goose Lake Channel, 
carved and partly aggraded by the Mississippi during one of the 
great invasions of the state by glacier ice, are many driven and 
open wells. A .drilled well sunk in the channel in section 7 
passed through 108 feet of alluvial clays and sands withou* 
reaching rock. The rock floor of the channel here lies less than 
570 feet above sea level. 3 

In Elk River, Hampshire, Spring Valley and Lincoln town- 
ships wells commonly succeed in finding water in the Niagaran 
within 50 to 180 feet from the surface. Sand wells prevail along 
the terraces of the Mississippi. The deepest are those which 
unfortunately fail to find water in the Niagaran and are drilled 
into the Maquoketa shale, which emerges along the base of the 
bluffs at Lyons and other localities along Mississippi river and 
in the valley of Elk creek. In these townships the depth to the 
Maquoketa—a matter of great importance to the driller—ranges 
from 100 to 250 feet. At Eagle Point Park the shale, which 
was found beneath 20 feet of loess and 140 feet of Niagaran 
dolomite, was 200 feet thick. The well was sunk through the 
shale and penetrated 104 feet into the Galena dolomite, from 
which a small supply of water was obtained. 

A well,in Elk River township, section 31, reached the shale 
after passing through 142 feet of drift and 100 feet of limestone 
and found some water in the shale after penetrating it to a 
depth of 157 feet. 

In Center, Comanche, and Eden townships, which are supplied 
chiefly from the Niagaran, few wells exceed 180 feet in depth. 
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On the Sullivan farm, 144 miles southeast of Bryant, a well 409 
feet deep enters rock, probably the Galena, near the bottom. 
The alluvial sands of Goose Lake Channel, a flat-floored valley 
from one to two miles wide, now occupied by Brophys creek, 
supply many driven wells. Deep wells have been drilled in the 
channel and have failed to find the rock floor at depths even of 
175 feet (485 feet above sea level). So far as reported only 
alluvial sands and clays occur in this channel. Driven wells 
furnish the supply on the Mississippi and Maquoketa flood plains 
of these townships. 

Washington, Orange, Welton, and De Witt townships obtain 
their supplies from glacial gravels or, more commonly, from 
the Niagaran dolomite. Few wells exceed 150 or 180 feet in 
depth or reach the Maquoketa shale. The succession which may 
be expected in deeper wells is shown by the log of the well of 
the Chicago & North Western Railway Company, at De Witt. 


Log of well at DeWitt. 
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Driven wells obtain water on the broad flood plain of 
Wapsipinicon river. 

Liberty, Berlin, Spring Rock and Olive townships draw their 
water supplies from alluvial and glacial sands and gravels and 
from the Niagaran dolomite. The flood plain of Wapsipinicon 
river, which below Toronto is more than three miles wide, af- 
fords many wells 40 to 60 feet deep. The deeper wells drilled on 
the flood plain show a filling of the ancient rock-cut valley with 
150 and 180 feet of glacial and alluvial deposits and reveal the 
rock floor at 525 feet above sea level south of Toronto and at 
490 feet above sea level northeast of Big Rock. At places near 
Toronto the Niagaran approaches or reaches the surface, and 
affords a supply to wells at depths of 50 to 100 feet. Over the 
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jar Ber part of the area of these townships the drift is 70 to 120 
feet thick, and wells find water at less than 150 feet from the 
surface in the upper strata of the Niagaran. In places, how- 
ever, the drift is far thicker, owing to the filling of preglacial 
valleys. Thus, north of Bliedorn several wells show drift ex- 
ceeding 200 feet in depth. This buried valley evidently con- 
nects with the preglacial valley which extends from Nashville, 
in Jackson county, to a point south of Elwood. This channel 
perhaps makes southwest to the aggraded valley of the Wap- 
sipinicon below Toronto, but the data at hand are not sufficient 
to trace it. 


SPRINGS. 


Springs are few in Clinton county, except in the northeastern 
part, where Elk creek and its tributaries have opened their 
valleys to the base of the Niagaran and have thus cut the water- 
ways developed at that horizon near the summit of the imper- 
vious Maquoketa shale. Springs from the Niagaran occur 
along Rock Run in Spring Rock township and on the creek near 
Grand Mound and DeWitt. 


CITY AND VILLAGE SUPPLIES. 


Clinton ——The water supply of Clinton (population, 25,577) 
is notable in that it is drawn entirely from five artesian wells 
(Pl. XI), which yield enough to meet the daily consumption of 
2,000.000 gallons. The water from these wells is pumped into 
a reservoir with a capacity of 10,000,000 gallons and thence 
direct through 42 miles of mains with a domestic pressure of 
60 pounds and a-fire pressure of 100 pounds. There are 400 fire 
hydrants and 3,000 taps. 

At Clinton the geologic horizon at the surface is somewhat 
below the summit of the Maquoketa shale, the shale appearing 
at the base of the bluffs, just north of Lyons, a town now in- 
eorporated into Clinton. Some of the wells, however, as for 
example that of the Clinton Brewery Company, find the lower 
layers of the Niagaran and much of the upper part of the 
Maquoketa cut away by a preglacial channel of Mississippi river. 
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GEOLOGIC SECTION BETWEEN CLINTON AND DUNLAP, IOWA 


By W. H. Norton 
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Water may be found in the Galena and Platteville limestones 


at numerous levels, but in such small amounts as to be negligible 
when compared with the large yields to be obtained from deeper 
terranes. The water in the Saint Peter sandstone is now so 
overdrawn that no large yield can be expected from this for- 
mation. The Prairie du Chien stage contributes a good deal of 
water from its creviced limestones and sandy beds to each of 
the Clinton wells. 

The main flow of all the Clinton wells except the deepest 
comes from the Jordan sandstone at depths ranging from 1,100 
to 1,290 feet, and at present sufficient water for industrial plants 


ean be obtained from this horizon. 


The Cambrian sandstones underlying the Dresbach, reached 
now by but three wells, yield far more generously than the up- 
per water beds. Under present conditions they may be ex- 
pected to furnish more than double the amount supplied by all 
the higher terranes combined, and in the future the proportion 
will naturally become still larger owing to the depletion of the 
upper beds. Fortunately the water of these Cambrian strata 
at Clinton is of exceptionally good quality and no fear need be 
felt that it will be salty or highly mineralized. To reach the 
first sandstone beneath the Dresbach it is necessary to go about 


- 1,650 feet below the level of the Clinton plain. The second sand- 


stone, whose summit is reached at about 1,700 feet, contains two 
water beds, one within the upper 100 feet, the other between 
1,400 and 2,100 feet from the surface. As the overdraft, which 
has already brought the artesian head down to approximately 
the surface of the ground, increases, the higher terranes may in 
time be largely exhausted and the Dresbach and earlier Cam- 
brian sandstones become the chief dependence for artesian 
water. | 

Waterworks well No. 1 has a depth of 1,400 feet and a diam- 


eter of 5 to 8 inches; casing, 135 feet, packed at base with rub- 


ber and lead. The curb is 588 feet above sea level. The ori- 
ginal head was 44 feet above the curb and the head in 1896 was 
80 feet above the curb. The original discharge was 500,000 
gallons a day. Temperature, 64° F. The well was completed 
in 1886 by J. P. Miller & Company, of Chicago. 
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Waterworks well No. 2 has a depth of 1,246 feet and a diam- 
eter of 5 inches. The curb is 588 feet above sea level and the 
original head, 44 feet above the curb. The original discharge 
was 500,000 gallons a day. Temperature, 64° F. The well was 
completed in 1886 by J. P. Miller & Company, of Chicago. 

Waterworks well No. 3 has a depth of 1,685 feet and a diam- 
eter of 8 inches to 1,200 feet and 6 inches to bottom; casing 
to 135 feet, packed with lead. ‘The curb is 588 feet above sea 
level. The original head was 44 feet above the curb and the 
original discharge 600 gallons a minute, measured on a weir. 
The first flow was from 335 feet; continuous flow from 1,050 
feet; from 625 to 725 feet, 150 gallons a minute, 8-inch bore; 
from 1,025 to 1,150 feet, 400 gallons a minute, 8-inch bore; from 
1,400 to 1,675 feet, 600 gallons a minute, 6-inch bore. ‘'Tem- 
perature, 63° F.. The well was completed in 1890 by J. P. Miller 
& Company, of Chicago. 

Waterworks well No. 4 at De Witt Park has a depth of 1,497 
feet and a diameter of 8 inches to 1,279 feet and 5 inches to 1,309 
feet; casing to 700 feet to cut off caving sands. The curb is 588 
feet above sea level. The discharge was originally 600,000 gal- 
lons a day. Temperature, 63° F. The well was completed in 
1893, by J. P. Miller & Company of Chicago. The drillers re- 
port that the full flow was reached at 1,100 feet. The well 
ceased to flow and was disconnected from the waterworks sys- 
tem. 

Waterworks well No. 5 has a depth of 1,763 feet and a diam- 
eter of 8 to 6 inches; 8-inch casing to 125 feet into shale, and 
6-inch from 739 to 840 feet. The curb is 588 feet above sea 
level. A small flow began at 850 feet, followed by a consider- 
able increase from 1,140 to 1,160 feet; at 1,230 feet, flow of 165 
gallons a minute; at 1,295 feet, 200 gallons; at 1,613 feet, 238 
gallons; at 1,710 feet, 266 gallons; and at 1,763 feet, 303 gallons. 
Temperature, 64° F. The well was completed in 1902 at a cost 
of $3,506 by J. P. Miller & Company, of Chicago. 
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Log of city well No. 5 at Clinton (Pl. XT). 
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This log shows the thickness of the Niagaran dolomite (6 to 
131 feet) and the entire thickness of the Maquoketa shale (131 
to 358 feet), as the well was put down at one side of the pre- 
glacial channel of the Mississippi. 

The thickness of the Niagaran given in this log is corro- 
borated by the logs of several other wells. The Dresbach sand- 
stone of the brewing company well section is included in the 
sandstone reported from 1,413 to 1,665 feet in the city well No. 
5. Apparently the shale at the bottom of the brewing com- 
pany’s well rests on a bed of sandstone, below which is a 55- 
foot bed of shale, which in turn rests on the water-bearing sand- 
stone that was penetrated to a depth of 43 feet in the city well. 
The record of the city well shows an increase in flow of about 
65 gallons a minute from this basal sandstone. 

The waterworks well No. 6 has a depth of 2,101 feet and a 
diameter of 10 feet to rock, 1514 inches to 354 feet, 124 inches 
to 870 feet, and 10 inches to bottom; casing to 364 feet; packing, 
lead. The curb is 588 feet above sea level and the head 14 feet 
above the curb. The first overflow was from the second Cam- 
brian sandstone beneath the Dresbach. The discharge at 1,940 
_ feet was 70 gallons a minute; on completion, 225 gallons. Tem- 
perature, 70° F. The well was completed in 1911 by J. D. Shaw, 
of Davenport, Iowa. 

During the drilling of the well water from the upper artesian 
horizons stood 14 feet below the surface until the water bed of 
the second sandstone beneath the Dresbach was reached. The 
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head of this bed is therefore now about 28 feet higher than that 
of the higher artesian sources. On the completion of this well 
the first drilled well of the Clinton Gas, Light & Coke Company, 
is said to have been raised 2 feet. It is reported by the officials 
of the Clinton Water Company that the well of the Treitschler 
& Tiesse Malting Company at Lyons began to overflow at the 
same time. On the other hand, no change was observed in the 
head of the wells of the Sugar Refining Company, the Clinton 
Paper Company, the Clinton Brewing Company, the Chicago & 
North Western Railway Company, the Fulton waterworks, and 
L. Iten & Sons. The officials of the Clinton Waterworks Com- 
pany are confident that on the completion of their new well the 
head of artesian water was lifted about 3 feet over an area ex- 
tending 2,000 to 3,000 feet from their well. This implies an 
enormous leakage from the well and that the water from the 
second sandstone beneath the Dresbach, with its higher head, 
finds lateral escape through the higher water beds which feed 
the other wells and thus increases their head. The volume of 
water from the sandstones underlying the Dresbach must be 
immense to supply not only the flow of the well but also the 
enormous supposed leakage into the surrounding strata. It is 
the intention of the water company to thoroughly test the well 
with a current meter, ascertaining the places and amounts of 
leakage and then to case off the outlet strata above the Dres- 
bach sandstones. 


Record of strata in waterworks well No. 6 at Clinton. 
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Record of strata in waterworks well No. 6 at Clinton—Continued. 
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Dolomite, whitish; in fine sand; 2 samples_........--..---.__-_ eee see see 10 945 
Marl; in finest argillo-silico-caleareous powder_-.--.----_--------_-------- 5 950 
Dolomite, whitish, cherty: some oolitie chert; 8 samples____.-.-_-_-_- 50 1,000 
Toru ey cabal. UPS ae a ge h alin (UT. 1300) 0) (t= es ee Se Bn 165 1,165 
Cambrian: 
Jordan sandstone (155 feet thick; top, 577 feet below sea level)— 
Sandstone. calciferous: or dolomite, highly arenaceous; fine grains, miter: 
ately well rounded: some chips of dolomite; some fragments show quartz 
PME ETICOOMICI CL MIAthIX. eee BS se 155 1,320 
Saint ITawrence formation (120 feet thick; top, 732 feet below sca level)— 
Ce TS Vi DAT NINA le Chip ke, -o eae so oe Soe oh oS ne ene 15 1,335 
Marl, white, residue after solution, microscopic silica and clay_-----.----- 10 1,345 
Sremaiteairnt ‘pray; injsand and powder_......--...12_---...-..-.—.-.. 10 1,355 
Marl, pink, glauconiferous; microscope quartoze and argillaceous residue| 

SS EE yeti SA a ee ta ec er 1 1,356 
Sandstone and dolomite; sandstone, dark red, argillaceous, of finest 

grain; dolomite, gray, glauconiferous 5 eS ee Se ee 14 1,370 
Sandstone, fine- grained; grains imperfectly rounded; glauconiferous with) 

Umm LICENCE RIP PTCA SNAG i ne oe a oe che ce celnne 30 1,400 
Shale, highly arenaceous, glauconiferous, fine-grained; in light green flour 40 1,440 
Sandstone, fine-grained; grains imperfectly rounded, highly glauconiferous, 

Sere cuina, Land. arenaceous red *shale--—-—.-_..--..--. 1. --Le- nec-2a ee 5 1,445 
Dresbach sandstone and underlying strata (656 feet penetrated; top, 852 feet| 

below sea level)— 

Sandstone, white; larger grains reaching diameter of 1 millimeter_---__--_- 5 1,450 
Sandstone, clean, white, fine-grained quartz sand__---_--.--.--------._--_- | 5 1,455 
Sandstone, pinkish; larger grains 1 millimeter, some reaching 1.5 millimeters 20 1,475 
pendstone. white, fine-crained: 8) samples.=-..~.-..---os.-=--2-s.2-<222_..~ 35 1,510 
SeEEIOHIS  DIASVICW Set ee eee ee oe 10 1,520 
Shale, bright green, highly glauconiferous, arenaceous; driller’s log gives} | 

. eer ITH O10 LOW, ONG i ee eee Se Se 30 1,550 
Saniistone, light pink; larger grains 0.8 millimeter in diameter, well 

aT a eae es UE Tg Re OR See ee ee ee ee ee 20 1,570 
Buenmscoueemmoderately fine, -white=s_.--. 2-2 25—-2 25-2. si a oss eee 30 1,600 
DEMME PLA KISA. UP IAUCONITENOUS! Soc o ee coo oan a eas en eee i 30 1,630 
Shale, light green, fiissile, glauconiferous; 2 samples_-.-.---------_---__-- 55 1,685 
Seanscomcemuent. bitte) ane-prained, bard_-..------... 222... sos n enon 85 1,720 
Sandstone, white; grains mostly below 0.5 millimeter in diameter__-_-_- 20 1,750 
Sanudsione; as above, but coarser; chips of arenaceous dolomite; 2 samples 50 1,800 

eRe Ran Se he ee nee = 1,800 
Sandstone, white, moderately fine, at 1,849 
Sandstone, white; larger grains, about 0.7 millimeters in diameter; mod 

erately well rounded, fairly uniform; a few show secondary enlarge- 

Shoei DI Se NSE aS ee ee ee ee ee a eee (eel nee 1,880 
Sandstone; grains less uniform; light pink at 1,910; buff at 1,$25, at_.|__--.___ 1,925 
Sandstone, white; grains moderately well rounded; larger 0.8 and 1 milli- 

meter in diameter; well overflows from this water bed, at -----.----_~----|_...___ 1,940 
Sandstone; as above; white and some buff or red from rusting of drillings; 

a YL Ey” Qe = Sk eS RS Spe RE ee ee ee ee ee 1,998 
Sandstone, light buff; larger grains 1 millimeter in diameter, secondary en- 

feneouienis: some hard-green flissile shale. at. .--.---. 2 2. neat 2,068 
PeemiGneeepiuik. srnoderately fine, -at: o-=—- 22=--2---- oo oe |e 2,065 
Sandstone, "rebel buff; larger grains.1 millimeter in diameter, imperfectly] © 

Coe Hil CORT os 2 en ee eee ee ne 2,101 








The Chicago & North Western Railway well No. 1, located at 
the shops, has a depth of 1,159 feet and a diameter of 10 to 4 
inches. The curb is 588 feet above sea level and the original 
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and present head 12 feet above the curb. The tested pumping 
capacity is 500 gallons a minute. Temperature, 56.5° F. The 
well was completed in 1896 by J. P. Miller & Company, of Chic- 
ago. Owing to decrease in pressure and contamination of the 
water, it was recased in 1905 by inserting 30 feet of 8- 
inch, 72 feet of 5-inch, 315 feet of 4-inch, and 27 feet of 3-inch 
casing, and its flow was thereby increased. 

The Chicago & North Western Railway well No. 2 at the 
South Clinton roundhouse has a present head of about 20 feet 
below the curb. The temperature of the water is 57° F. The 
well was drilled about 1900. It ceased to flow in July, 1908, on 
the completion of the new Clinton Sugar Refining Company’s 
well; it regained its flow when the latter was closed. In the | 
summer of 1910 an air lift was used on these two wells from a 
depth of 300 feet. The discharge from the two wells combined 
was 1,500,000 gallons a day. 

The Clinton Gas, Light & Coke Company’s well No. 2 has a 
depth of 1,605 feet and a diameter of 12 inches to 8 feet, 101% 
inches to 35 feet, 8 inches to 853 feet, and 614 inches to bottom. 
Its curb is 579 feet above sea level and its head is 2 feet above 
the curb. The pumping capacity is 500 gallons a minute; tem- 
perature, 72° F. The well was completed in 1911 by H. W- 
Hambrecht, of Sterling, Illinois. 
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Record of strata in Clinton Gas, Light € Coke Company’s well No. 2. 

















Thickness | Depth 
* | 
River deposits: Feet Feet 
TUL ES SS SE SO eee ee 5 5 
ETE ERI I Se Ae ee ee eo 4 9 
ie aS SE RE SS a ee a oc ye ee 3 12 
SRO ener eS ae 2 Re Ee ie, OO oe ee a 17 29 
i ken eae EE CE ce, Se eee ao ae ee ee ee oe ee 24 53 
Se ee ee ee CR ned enanccendun sence! 12 65 
a NE Ss Aan 2 BSS res cp ee te 4 69 
Silurian: 
Niagaran dolomite— 
RE 2 eee ees eet, re ee ae eens ee et Senn gm aeoacaee 1 70 
eI nr oe tag ee at 9 ea Boke och ca cote re teclthe tee 44 114 
Ordovician: 
Maquoketa shale— 
Flint, yellow-white, and blue and brown shale_-____.-_..__-_-__._--___- 121 835 
Galena dolomite and Platteville limestone— : 
TESS Bens en ee a ee ene reee ease ean cac uae eee 326 671 
OS ee EE eS Se ae ee ee eS 14 685 
Saint Peter sandstone— 
0 ULM GLCOM pe a ea a 61 746 
Prairie du Chien stage— 
Ee a oe rs om ne a a oe oe ome ee anes eee oneness 2 748 
Cambrian: 
Jordan sandstone— 
PEG TT LEGS SS Se ee ee a ee ee ee eee 560 1,308 
Saint Lawrence formation— 
a ei a er SE al a Be a 9 ee en a SE rey 105 1,413 
Dresbach sandstone— 
(SL SET p ae ERS SEs a SS RR | RE ea Os oe ens Se 192 1,605 








The chief water beds were at 550 feet (Galena dolomite, which 
furnishes the principal supply), at 800 feet (Shakopee dolo- 
mite), at 1,200 feet (Jordan sandstone), and 1,500 feet (Dres- 
bach sandstone). 

The Trietschler & Tiesse Malting Company’s well has a depth 
of 1,132 feet and a diameter of 8 to 5 inches; 8-inch casing to 
150 feet; casing also between 700 and 800 feet. The original 
head was 3 feet above the curb, and the original flow 300 gallons 
a minute. Most of the water comes from 1,050 to 1,130 feet. 
Temperature, 60° F. The well was completed in 1897 by J. P. 
Miller & Company, of Chicago. 


Driller’s log of Trietschler & Tiesse Malting Company’s well. 























Thickness | Depth 
Feet | Feet 

aay! ei SI pa a Pra mnt ay Oe re St A ge uy 40 40 
ae ay al De gil Sata ad Sees SA Se ay eee a sa ES ee 80 120 
Shal 200 320 
852 672 

| 8 680 
Oo he cane enn wanes saaeen rau ewcimas 65 745 
ae So a ae a i al as AOE AS ee tl pe ney Se ee 387 1,182 





80 
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Five years after the completion of the well an air lift was in- 
stalled but shortly afterwards the brewery was closed and the 
well is not now in use. 

The two wells of the Clinton Sugar Refining Company have a 
depth of 1,226 feet and a diameter of 12 inches to 422 feet, 10 
inches to 727 feet, 8 inches to bottom; 10-inch casing to 422 
feet ; 8-inch casing from 666 feet to 747 feet. The curb is about 
586 feet above sea level. The original flow was 191 gallons a 
minute and the tested pumping capacity 400 gallons a minute. 
The first flow was very slight, at 760 feet, but markedly in- 
ereased at 935 feet, gradually from 935 to 1,100 feet, and 
largely at 1,190 feet; no further increase was noted. 'empera- 
ture, 62° F. The well was completed in 1908 by J. D. Shaw, of 
Sioux City, Iowa. The sinking of the wells seriously affected 
the supply of the well of the Chicago & North Western Railway 

“Company at the roundhouse at South Clinton. 


Record of strata in well of Clinton Sugar Refining Company. 

















Thick- | Depth 
ness 
Silurian: Feet Feet 
Niagaran dolomite (177 feet thick; top, 586 feet above sea level)— 

Dolomite, buff and light cream color; in powder and fine sand; six samples 60 60 

Dolomite, buff, subcrystalline; in small chips and coarse sand; five samples 40 100 

Dolomite, very light gray, cherty; seven samples___-.-.-._--__-_o.-_--- 67 167 

Dolomite, light blue-gray, cherty; in fine chippings_..-.-_-_---_______________ 10 177 

Ordovician: 
Maquoketa shale (213 feet thick; top, 409 feet above sea level)— 
Shale; greenish gray to 340 feet; below, olive-green-gray and drab; 20 
SAMDIeS | ..2--~ 2 ae ee ee ee ee ee ee 213 890 
ae igs and Platteville limestone (335 feet thick; top, 196 feet above 
sea level)— 

Dolomite, yellow-gray, crystalline; nine samples __--_-----__--__--_-.-___... 105 495 

Dolomite, brown and gray, cherty; ‘six samples.—-. >... eee 75 570 

Dolomite, vellow--gray and brown-gray; two sambles______._._--__________ 25 595 

Dolomite, light yellow, highly argillaceous, cherty_-_-_---__-_-__._-___________ 20 615 

Dolomite, brown, blue-gray and buff; three samples, from 625 some non- 

magnesian limestone chips Im drilimgs2/20 2 ee ee 30 645 

Limestone, yellow, gray and blue-gray, earthy, nonmagnesian; in flaky 

chips; seven samples «2.22. ss 25 ooh ee ee eee 70 715 
Shale; greenish drab; in molded magses22= - se eee 10 725 
Saint Peter sandstone (30 feet thick; top, 139 feet below sea level)— 
Sandstone, white, clean; rounded grains, attaining a diameter of 1 milli- 
meter: two. samples —.22--s2sb sas Sooner een se es ee a 20 745. 
Sandstone, white, fine; considerable diversity in size of grains___-_____-____ 10 755 
Prairie du Chien stage— 

Shakopee dolomite (180 feet thick; top, 169 feet below sea level)— , 
Dolomite, ray: some’ sand (first: water)s-222—- ooo eee 10 765 
Dolomite, ‘gray; much quartz sand; two.samples__..-- eee 35 800 
Dolomite, gray, cherty, considerable sand _---2..-= == = eee 10 810 
Dolomite, light gray; considerable sand and some bright green shale; 

three: samples... ..<..2.25 ss ccna eee eee eee oe ee 25 835 
Dolomite, light gray; clean of sand; in chips and sau: six samples____ €0 NUS 
Dolomite, light gray; cherty, little. quartz ‘pand- 2]  eee 10 905 
Dolomite, brown-gray; with oolitic white chert, three saimples___-______ 30 935 

New Richmond sandstone (20 feet thick; top, 349 feet below sea level)— 








Dolomite, highly arenaceous, cherty, whitish; two samples__-_----~-_-- 20 955 
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Thick i 
Rane Depth 
Feet Feet 
Oneota dolomite (160 feet thick; top, 369 feet below sea level)— 
Dolomite, whitish, clean. of sand; three samples_...____-..-_-_-____...__-.. 30 985 
“ Mtoe WRITS, HISIY CHOPbY— nose meas accesssoec en coc dees sa agence 10 995 
Dolomite, yellow-gray, brown and buff, and blue-gray; cherty at 995, 
MmousanuGd t.10> cTeeg. eleven ‘saimiplesi.o-2 oo oe eee 120 15215 
Cambrian: 
Jordan sandstone (100 feet penetrated; top, 529 feet below sea level)— 
Sandstone, white, fine-grained; grains show secondary enlargenients, 
many grains fractured; some chips of light buff dolomite_-___-_-_____-_- 10 1,125 
Dolomite, light buff; some rounded grains of quartz sand___-___________-___- 10 1,135 
Sandstone, white, fine; secondary enlargements; a little dolomite_-_______- 10 1,145 
pioiomice.wught butt, some sand; two samples... -.1-..-L-.-2.----. sk 20 1,165 
Sandstone, white, fine-grained; secondary enlargements, some chips show 
sand grains and calcareous and cherty matrix_-_-_..-..--._.___.______.__ 10 1,175 
BPRDMRCOMeRe RG STAY; “SONG SANUS. .cnas oa en ee eee an an ee en 10 1,185 
Dolomite, blue-gray and buff, cherty; oolitic chert at 1,185 feet; two 
CELIO ip saad snap es D tea eaten i lock SIRO V9 gaat cae, a ani ee 15 1,200 
Dolomite, light gray, fine-grained, and sandstone, some whitish marl______ 15 1,215 








The well of, the Excelsior Laundry Company has a depth of 
737 feet and a diameter of 10 to 8 inches. The head is 11 feet 
below the surface. Date of completion, October 31, 1910; 
driller, M. P. Peterson, Madison, Wisconsin. On the average 
there are pumped 20,000 gallons a day. Continuous pumping 
lowers the well 3 or 4 feet. No account of the water beds was 
kept, but as the well extends to or below the base of the Saint 
Peter, it may be taken for granted that the supply is from that 
formation and from the Galena and Platteville limestones. 

The well of Curtis Brothers has a depth of 1,150 feet 
and a diameter of 12 inches to 27 feet, 8 inches to 745 feet, and 
6144 inches to bottom; casing, 24 fest of 12 inch at top, 311 feet 
of 8 inch immediately below; 92 feet of 644 inch from 653 to 
745 feet. The head is 3 feet below the surface; driller, H. W. 
Hambrecht, Sterling, Illinois. Date of completion, February 
10, 1911. Temperature 60° F. 


Record of strata in Curtis Bros. well at Clinton. 











Thickne: ¢ Depth 
Surface deposit: Feet Feet 
MEMMIECTIMEA OS WNUB GS te 6 lo Sop aa eee cia a ca We eens eee ene na enenee ses 12 12 
Ie cat NN a 2 Ps ta ss as SER 8 20 
Silurian: 
Niagaran dolomite— 
CME EO en OU BRO a 2p can el oe to ee on aw ata nbedonbaedeata can 7 27 
Cop. TRENDS - oes Sea Le eS Paes BE ee ee eee | eee 33 60 
ERTIES) Ganesan a Oe 12 72 
ATES) 2 api Ba oe to 5 ee ee ee eee 63 135 
Ordovician: 
Maquoketa shale— - 
Sabon MART Nae US ht fo: a Cea ae OR a eS See ae SR en 203 338 
Galena dolomite and Platteville limestone— 
RPT ER RfCES a PRG PS Go 9 See ee ee a ere eee Oe, ee ee 835 673 
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| Thickness | Depth 
Feet Feet 
Saint Peter sandstone— 
Sandstone’ sos cc st kc cece sage ee ete eee a ae eee 58 745 
Prairie du Chien stage— 
Lime »roeék* astcicoot Sh sock ranean bo see male ae erences a a eee ee 410 1,155 
Cambrian: ; 
Jordan sandstone— F 
Sandy. lime... 22. 2202.25.25 25 Seed een ee eee eee 8 1,143 





The well of the Clinton Ice Company has a depth of 1.561 
feet and a diameter of 10 inches to 62 feet, 8 1-8 inches to 745 
feet, and 5 1-8 inches to bottom. The head is 9 feet below the 
curb and the pumping capacity 75 gallons a minute. Tem- 
perature about 68° F. Date of completion, 1910; driller, H. W. 
Hambrecht, of Sterling, Illinois. 


Record of strata in Clinton Ice Company’s well at Clinton. 

















| Thickness} Depth 
Surface deposit: Feet Feet 
Pilling +... - 2522520 6303 es a 5 ee ce 8 8 
OIBY nnn me a a ee a a a 12 20 
Silurian: 
Niagaran dolomite— 
Lime, yellOW  w2.20c-nss-seneba Soe ee ee ee ee 92 112 
Thime, blue 2.2. 2282s a ee ee ee 10 122 
Ordovician: 
Maquoketa shale— . 
Shale, blue: 3..-cess- 253-20 es 4 be ce es a eee ee ae ee eee 150 272 
Shale, brown. ~.<Ssseces-5-Sa nen oat as oo ee oe oe ee 58 330 
Galena dolomite and Platteville limestone— 
hime rot -.n21--hscSae ese ata san ee ae oe ee ee oe ee 90 420 
Lime, DOWN | ovcccdnseesseee ee So ee ee ee 143 563 
Shale, ‘blue 21. 3) 2 os See ee eee 123 686 
Saint Peter sandstone— 3 
Sand<1otk) .....- =. eT ee OR re rh ae hE EES ee eo 52 738 
Prairie du Chien stage— 
Mime: 2oék: 3225225 a eer ee ee Oe eer 367 1,105 
Nand /TOCK «2.222.225 3. ee ee eee eee 42 1,147 
Wlme TOCK 2. 22 3.ks ee eee a aba oe Ste ae ee ieee eee ae 33 1,280 
Time. rock, © réd_.22 4.222 soo a eee ance anaes ane ee eee eee 8 1,288 
Lime rock, broWwDi nos. ane on ap ee le erat eee 12 1,300 
Cambrian: 
Saint Lawrence formation— 
Shale... 55-.2- 2 SE eee ee ee a ee 102 1,402 
Dresbach sandstone— 
Sand \ToCKk 1 so Se eee a eee eee ene ee eee 159 1,561 





The paper company’s well has a depth of 1,076 feet and a 
diameter of 8 to 6 inches; 6-inch casing to 84 feet. The eurb 
is approximately 588 feet above sea level. The original head 
was 42 feet above the curb; head in 1896, 8 feet above curb; 
present head (1909), 2 feet above the curb. The original flow 
was about 200 gallons a minute. Temperature, 59° F. The 
well was completed in 1883 by J. P. Miller & Company, of 
Chicago. The well showed considerable loss of pressure within 
four years after its completion. As it had been closed nights 
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and Sundays, it was thought that much of the water was forced 
by the pressure on the sides of the bore hole into crevices of 
the rock. In 1893 the well was reamed and another casing in- 
serted. At the bottom of the first casing the rock was found 
so eroded by the water that the reamer dropped 7 feet. A 
casing was then put in to the depth of 160 feet, and packed with 
rubber, but without increasing the flow. 

The well of C. Lamb & Son has a depth of 1,230 feet and a 
diameter of 5 inches; casing to 125 feet. The curb is 588 feet 
above sea level. The original head was 60 feet above curb; 
the present head is much lower, and the well ceases to flow 
when pumps are working on Sugar Refining Company’s well, 
about 500 feet distant. Temperature, 5914° F. The well was 
completed in 1888 at a cost of $2,128 by J. P. Miller & Company 
of Chicago. It has passed into the ownership of the National 
Papier Mache Company, and is not now in use except as a drink- 
ing fountain. 

L. Iten & Sons’ well has a depth of 1,180 feet and a diameter 
of 614 inches; casing, 200 feet. The curb is about 588 feet 
above sea level. The head is slight, flowing 75 to 100 gallons 
a minute. The first good flow was from 1,025 feet, and the 
next noticed was from 1,180 feet. Temperature, 62° F. The 
well was completed in 1907, at a cost of $3,000, by J. D. Shaw, 
of Sioux City, Iowa. This well flows from 9 p. m. to 10 a. m., 
and then the water sinks to about 1 foot below the curb. 

The Clinton Brewing Company’s well has a depth of 1,620 
feet and a diameter of 10 to 6 inches; 10-inch casing to 99 feet, 
8-inch to 212 feet, 6-inch to 300 feet. The head is 2 feet below 
the curb. Temperature, 62° F. The well was completed in 
1907 by L. Wilson & Company, of Chicago. Although many 
deep wells have been drilled at Clinton, no adequate record of 
the strata penetrated was available until 1907, when this well 
was put down. Samples of the drillings were taken every 5 
or 10 feet. 
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Record of strata in well of the Clinton Brewing Company. 
































ness 
Quaternary (205 feet thick; top 588 feet above sea level): Feet Feet 
Soil, black, sandy 83 34 
Sand, coarse, gray 4 74 
Sand, light gray, 12 193 
GYAVEl Tsp sent eo asenceecoanen 22 
Gravel and sand -s= 22 13 85 
Sand, gray, fine....2..2222 02525 Sa Se ee eee 4 89 
Gravel and sand «i202. 2 eo ee ee ee % 893 
Gravel, coarse, well rounded, 2 samples---- 2. 22225) re 123 52 
Sandand gravel, yellow-gTay--.= — 22s. jo see ee eee eee 14 66 
Gravel, coarse; ‘pebbles up to 2 inches in diameter___-_- 2 2 ee eee 1 67 
Sand, -yellow-gray, COaIse. 2 -.<225-- in sas ope te oe 1c 77 
Olay;: pink, triable, -nioncaleareous.—. 2222.22" 2-22 eo ee ee 774 
Gravel, pebbles reaching 1% inches in diameter_.--__-__...._____-__.__-___1a 194 97 
Olay, dark-colored slate; sandy -.2 222 Se ee 3 100 
Olay, sand and gravel, yelloWns2 222632 o ne ts 10 110 
Gravel, coarse: 0222-2. ee ee See 3 113 
Sand; orange; .medium) ine. 222-2 o aa oe ee ree ee 9 122 
Gravel, CORTSC <2. 22 se ee ee oo ee ee 3 125 
Sand, light: yellow 520.2 ncee nasa re ee eg 8 133 
Gravel, coarse; with limestone pebbles 14 inches in diameter_____-_-__--_-___--- 7 140 
Sand, yellow, filne..2.222.2225 22235 Se a ee 20 160 
Clay, light yellow, calcareous 2 162 
Sand, yellow, fine 22. 22-2-<sc6sn0k so he cape en eee ree eee ee 12 174 
Clay, light yellow, calcareous 3 177 
Sand, fine, yellow) 2.2. 222. o.c.2 0 ose ces os eae eee ee a 181 
Clay, yellow, hard, calcareous 2 183 
Gravel, COATSO 2.2.2 -n ek oS Saeki ee eee See ee 3 1s6 
Sand: and eravel) ici.-5 8 ess Se eee ee ee 2 185 
Gravel, coarse, with" glaciated pebble > _.= = SS eee 4 195 
Sand and gravel, with fragments of granite bowlder___-_.--__--___________-___ 2 197 
Olay, bard, yellow, Ccaleareous: -2. 2 ee Se eee 1 198 
Sand, -yellow,: Bn canst a pe Se we tee ee 7 205 
Ordovician: ‘ 
Maquoketa shale (125, feet thick; top, 383 feet above sea level)— 
Shale, blue-greensy £-Bamples {2:2 Jie oe ae eee 125 330 
Galena dolomite to Platteville limestone (340 feet thick; top 258 feet above 
sea level)— 
Dolomite, gray, crystalline; cherty from 435 to 450 and from 460 to 470 feet; 

16 samples / 22-8 sot ees ee ee eee 170 | © 500 
Dolomite, gray. eherty. =. 23 a eee 10 510 
Dolomite, gray or light buff, vesicular at 510 feet; crystalline; 7 samples____ 55 565 
Dolomite or magnesian limestone, brown, crystalline; with brown fossil- 

iferous. and. bituminous: ehale®.~ 4.2.22) eee 5 570 
Shale, brown, highly bituminous and fossiliferous 5: DxG yet 
Limestone; magnesian,, bYOWN ye Wo-22 Se ee ey 12 “87 
Limestone, magnesian, drab, suberystalline; cherty at 600 feet; 4 samples__ 33 620 
Limestone, blue-gray, nonmagnesian, compact, fossiliferous, thin, lami- 

nated; tin: ‘flaky’ chips;*4: samples. 2*. 2. Se eee 25 645 
Limestone, light yellow-gray, soft, earthy, fossiliferous, in thin flakes___- 5 650 
‘Limestone, light blue-gray, 1ossitirerous; rapid effervescence_______________. 5 655 
Shale, brown, bituminous, in thin flaky chips; and limestone, compact. 

parthy;* rapid ‘effervescenes: 225.01 os eee 10 665 
Shale,.-blue-green, pyritiferous,. flaky.2..-.c 2.2 ee eee 5 670 

Saint Peter sandstone (60 feet thick; top, 82 feet below sea level)— 
Sandstone, white; largest grains 1 millimeter in diameter; 5 samples________ 55 725 
Sandstone, light buff, fine-grained, with angular sand of dolomite________ 5 730 
Prairie du Chien stage (345 feet thick; top, 142 feet below sea level)— 
Dolomite, :gray; in: chips;: considerable sand:2- 22 = se ee eee 18 748 
Dolomite, -gray:; ‘slightiy’ arenaeceouss.-.2) «eae ane oo ae eee 5 753 
Dolomite, gray; with arenaceous laminae; in chips___.___-__-_--___-___-____ 7 760 
Dolomite;--gray;. with hard dark: shale. 2 ee eee 15 775 
Dolomite, gray; pyritiferous and blue-gray at 783 feet; 2 samples__________ 18 793 
Sandstone, in detached rounded grains of moderate fineness; and dolomite 

ini @Hips. 202 23s sta ern oe es a en FA Sw 
Dolomite, light gray, compact; large cherty and argillaceous residue_______-_ 10 £10 
Marl; in whitish powder, highly caleareous; large argillaceous and aren- 

aceous residue; grains diverse in size, but none coarse, imperfectly 

TOWN GEG ye Fan SoS on ree ee ee can ea ee 15 825 
Dolomite, light gray to dark drab, crystalline, vesicular; in places cherty; 

SH BAMNDIES o-oo 8 ocean ete ke ed cea ee aaa ee ee ae ee ee 70 895 
Dolomite, light gray; in fine chips, with grains of quartz sand___-__________ 8 903 
Dolomite, light gray; in fine chips; sandstone in detached grains___-________ 8 911 
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Thick- | 1, 

eae Depth 
| Feet Feet 
Sandstone, light gray, calciferous, hard, fine-grained; in chips_---.-...-.- 9 920 
Dolomite, light gray and pink; cherty at 920 feet; 4 samples_---_-__.-_-_- 45 965 
mace mwoite, and whitish dolomite; in chips.-.--_--—.—-- ...+..- 5 970 
Dolomite, light yellow, cherty; in sand; 2 samples__--__.-.---_---__-_--_-- 20 990 

Marl; in light yellow powder; large residue of minute and microscopic 

angular flakes of eryptocrystalline quartz with some of crystalline quartz 10 | 1,000 
Dolomite, light gray and blue-gray; in places cherty and in places aren- 

Pe GtE 0S) BAIN DICS | fc 2 5 tas aes ae etter m ese escenees 75. | 1,075 
Cambrian: 
Jordan sandstone (65 feet thick; top, 487 feet below sea level)-— 
Sandstone, light gray, calciferous, fine-grained, glauconiferous; in chips; 

PREMCICHOUUD Gg £T BY (ones cols Sa ee Sa a ne ices wee ee ham acini 15 | 1,090 
Dolomite, light gray, arenaceous, quartz grains, fine, rounded____-___-__- 380 | 1,120 
Sandstone, light gray, calciferous; in small chips and fine sand_---__.-_-.- Q0iie) 15740: 

Saint Lawrence formation (255 feet thick; top, 552 feet below sea level)— 
Dolomite, buff, cherty; in sand; according to log cuttings flowed away be- 

2 heh SOE CoG yg Oh St eo SC eee 70 | 1,210 
Dolomite, light brown, hard, crystalline: in chips ~.--------------.-------.- 10 | 1,230 
Dolomite in chips, slightly siliceous and glauconiferous_-----_------_----_- 10 | 1,230 
Dolomite, pink, highly siliceous; with minute quartzose particles; glaucon-- 

STS a ne ae SS ee ee ee ee ee ee eee 10 1,240 
Dolomite, gray, siliceous; in chips, 3 samples_._-...-.---..-.---._---.--.---« 30 1,270 
Dolomite, light pink, highly siliceous, with minute quartzose particles; glau- 

TEEPE Ss EE Ea pets FE me 10 | 1,280 
Marl, pink, calcareous; in powder and easily friable compacted masses; res- 

idue argillaceous and microscopically quartzose; glauconiferous__-__-___- $2 | 1,318 
MEIgeeMeht pile enlcnreous,. plastit=—2_— LS wna 77 | 1,395 

Dresbach sandstone and underlying strata (225 feet penetrated; top, 807 feet 
below sea level)— 
Sandstone, light buff, friable; grains rounded; considerable diversity in size; 

Peeeeet Pe niiimeber 11) GIAMCLCl sen ln en deen 15 | 1,410 
Sandstone, white; grains, 0.25 millimeter in diameter_----___-.---._--._.-__ 10 | 1,420 
Sandstone, light yellow; grains well rounded; largest grains, 0.75 millimeter 

in diameter a a es er 10 | 1,480 

- Sandstone, light yellow; fairly well rounded; larger grains 0.5 millimeter 

PREETI OO Be a ec ral es eee a nw en eee nn 10 | 1,440 
SenererOCing |) CUULINGS, Washed AWAY2-———— 2 an 5 a ae cence 162 | 1,602 
Shale, cuttines washed’ away —------———--.-_-_----.___----_--__ +... ---___.- 18 ' 1,620 





The geologic section is continued 140 feet deeper by the log 
of city well No. 5 (p 460). 

The gas company well has a depth of 1,085 feet and a diam- 
eter of 8 to 5 5-8 inches; casing, 6 feet to rock. The curb is 579 
feet above sea level and the original and present head 35 feet 
above curb. It flows 230 gallons a minute. Water was found 
at 1,000 feet; temperature, 59° F. The well was completed in 
1901 at a cost of $1,800 by J. P. Miller & Company, of Chicago. 

Delmar.—The water-supply system of Delmar (population, 
548) includes wells of depths not reported, a standpipe, and 
2,700 feet of mains with six fire hydrants. The pressure is 46 
pounds. For the most part the town draws its domestic supply 
from drilled wells 30 to 250 feet deep, 100 feet being the most 
common depth. Wells enter rock at 90 feet and the largest 
supply is found at 100 feet. 

De Witt.—At De Witt (population, 1,634) the water supply is 
drawn from two wells, 274 feet and 524 feet deep. (See PI. 
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XI.) The deeper well is 10 inches in diameter, enters rock at 
40 feet, and finds water at 500 feet. Water stands 100 feet be- 
low the curb after long pumping and rises ten feet when pump- 
ing ceases. The 274-foot well is 8 inches in diameter 
and finds its main supply at 270 feet. Water heads at 40 feet 
below the curb, but long pumping lowers it to 150 feet. The 
Maquoketa shale at De Witt is struck at about 260 feet from 
the surface, and the city well evidently passed entirely through 
it and found water in the Galena dolomite. It is regretted that 
no record of the well was kept showing the thickness of the 
shale. 

If the city well or the well of either of the railway companies 
at De Witt should fail to yield enough water, recourse may be 
had to water in the Saint Peter sandstone, which lies 800 to 850 
feet below the surface; its water will rise within easy pumping 
distance. Water will also probably be found in the limestones 
(Platteville and Galena) overlying the Saint Peter, but this 
can not be assured. 


Grand Mouwnd.—At Grand Mound (population, 428) the 
gravity system is employed, a pressure of 32 pounds being 
afforded by a standpipe. There are 13 fire hydrants, 55 taps, 
and 1 mile of mains. The supply comes from a well 6 inches in 
diameter and 87 feet deep. Rock is entered at 70 feet and 
water was found in the Niagaran at 80 feet. It heads 30 feet 
from the surface. The maximum yield by pumping is 114 barrels 
a minute. 


Wheatland.—The supply of Wheatland (population, 539) is 
drawn from a well and distributed from a tank by the gravity 
system through 114 miles of mains. There are 10 fire hydrants 
and 24 taps. <A large part of the population is supplied by 
house wells which range in depth from 11 to 178 feet. The city 
well is 6 inches in diameter and 189 feet deep and enters rock 
at 14 feet. It is cased to 185 feet. 


Minor supplies—Information concerning supplies in the 
smaller communities is presented in the following table: 


% ‘a F, ‘ 2] aero) eyes. ¢ | a mT » 
ee Wee rere Penryn. ee AN 
. i ee a aN 
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yh Village supplies in Clinton County. 








5 7 Head Below 
a oO Curb 
Es 2 
Nature of Supply = & z 
q ra fees q = 
B ef) 2] 3 3 
(=| i=) A N QA 
{ 
Feet Feet | Feet | Feet | Feet 
WON atte es ao uses ee ee el BBlOW 200. [Liduecss ROE DOn eaters eS 





wrlNede wells 2202. -22¢2 4 Seeks, Pe ee Se eel ee ee aan S24 SEE 
ease VEU 5 Se Seen eet ora eis ay Ses ae 90-190 85-50 | 40-100 D> 50 
: rinedewellarees | ae eee 382-120 100 | 24-160 20 380 
MOTIV eM WOllg cose ck ero eee 2 

riled wells) at.cfo neces soon eee 
Driven and drilled wells_...._--_- 
Drilled wells arn nnre enna nae - 





Do. 
Open, driven and drilled wells_- 
OTIMed » Wells eas see eee eee 
Viagheg tye [ees Soong URE Fae ee Se 
riled wells soto an ae ee eee 


2S Lhe oe eee eee 











WELL DATA. 


The following table gives data of typical wells in Clinton 
ty: 


Typical wells in Clinton County. — 








”) 
oO 
z 
2 ° Water-bearing Remarks: 
Location ye a Formation (Logs given in feet) 
r) a 
o o 
~ A ere 
| Feet | Feet 


,R1E. 
on) 





“Mil:|Lost Nation -..---| 95 | 47 |Limestone_.----- Alluvium, 7; yellow clay, 40; 
hi ; limestone, 48. 


nee bese (0 PO ee eter is ale | a Pl ie alan Soe a Soil, 3; yellow clay, 30; blue 
clay, 97; limestone, 5. 
Lost Nation. 


eeerder ._INE. 4 NE. 4 sec. a} 187 |... Creck bottom. Soil, 4; yel- 
low clay, 4; very fine sand, 
‘ . 125; coarse gravel, 3. 
Poieeee| 85. 3 sec. 6... 140 4 {01 eee Re She a Yellow clay, 35; blue clay, 
Ee 85; limestone, 70. 

Pitch --.|/SW. 3 SW. % sec. 31} 140 80 |------------------| Upland. Fine red sand, 80; 
ee a limestone, 60. 





SOICGes if sakecaacnae ee Pa ah geet Me on ae a Upland. Soil, 2; yellow 
clay, 40; blue clay, 215; 

et limestone, 20. 

YY -------|N. 4 NE. 3 sec. 28_.| &29 | ......| Gravel].._-__--_- Base of bluff. Yellow bowl- 

dery clay, 387; blue clay 

100; quicksaud, 115; blue 

clay, 75; coarse gravel, 2. 
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Typical wells in Clinton County—Continued. 
ad 
=) 
B 
Owner Location & | Water-bearing Remarks: 
a dq Formation (Logs given in feet) 
a 2. 
vo o 
= A 
Feet| Feet 
wine ee sensed eae sauee NE..3 NW. 3 sec. 9-| 82 Be Per eee mee 
ee eae g—---<<--.-.|NW, + SE. % see. 9.| 256 | 201 |.-....--.-.-..---2| Yellow elayew co,8 pame clang 
80; sand with some water, 
1; blue clay, 80; sand and 
water, 20; rough hard 
blue clay without — grit 
(Maquoketa shale), 45; 
ends in red gravel. Heads 
156 feet below curb. 
2 Benton™ =... NW. 2 86C: 22 2ee2e 268 tf oe a leapt eset About same as above; ends 
* also in red gravel. 
os Anderson. (Si. 4 SW. 8 7see.elbi S00) 2.2 oan ee About same as ubove. 
Py Oe ee 4 mile S. of Elwood| 200 |_-----| Gravel___--._-__|Flowing well. 
on creek. 
Hans Christianson|SE. 4 SE. % see. 30) 501 |----__!_-_-_---_-_-_-_-_- Slope. Heads 40 feet below 
é curb. Diameter 3 inches; 
depth tc water bed, 480 
feet. Yellow till, 40; blue 
till, 310; sand, 50; green- 
ish gray rock, hard, 101. 
Udden’s record: Black soil, 
4; yellow clay, 35; blue 
° clay, 186; river sand, 28; 
blue clay, 100; soapstone, 
. 100; blue shale, 100. 
J ithe Teas Sec.*39 aaa ee 808')--1300 4ackese aon eee 
soe iri. --— |NW. £ OW dee, 14) 155 ee ee 
J. A. Anderson._|SW. % sec. 14.._..--| 3815 | 295 |__________________|Yellow clay, 30; blue Clay, 
190; quicksand, 75; lime- 
stone, 20. 
at ae laa SW. 4 SW. 3 sec. 1} 410 18 |--2..5<--.0-a=s0e| Hill. * Drift tage mesrones 
107; soapstone (shale) 290. 
ware. ye SOC eee Oo 10 |-.2--=-----..-.-.-| Considerable) bie shibs 
RAI! oes.) | SOC eee ner 90 20) Sale so eee one 
Bet Se ininer SOC jane ee ae 188 9|22-.-- (Gravel 
Dos ee ee BOG. 128 Fonteeeseseass 63 45 Vl) Soe ee ee 
JAG Hiner . 202% Sey *96 2 Fe Be 156 ec Gravel eeeeees Heads 73 feet below curb. 
H. G. Scott __...|SE. 3 SE. 3. sec. 25__| 110] 50 |Limestone___--_- Yellow clay, 20; blue clay, 
30; limestone, 60. 
a Sora see Ge 
(Bloomfield) . | 
Chicago, Mil-|Delmiares esses 90 86 sae dO catamennen! 
waukee & St. 
Paul Ry. 
Le ea ae doe 2 ee ee B02 B6 |_....----..ce----.|Ridges Yellow clay,a5; sane 
: clay, ee bynes, a 
ila te Sar Peek 4 8 4 Yellow shay = ue clay, 
SE. 3 SE. 3 sec. 21} 180} 126 | Sand Of: sand Swiee water ie 
ak Sad LA ee a E fs 5 | Limestone...---| limestone, 4; wood, e- 
SW. 3 SW. 3 sec. 23) 107 95 | L tween 60 an a e0, ; 
ie acl : St De Be ea Oete aa soe Black soil, 2; yellow clay, 
J. Dennis S. 4 NW. 2 sec. 31_- 170 72 do te ‘blue clay a 
stone, 98. 
EB, A.) Fitch 2.2 NW. 3 sec. 32.----.| 175 | 171 | Quicksand_.--..|Yellow clay, 27; quicksand, 
144; limestone, 4. 
ID NGKAr son ees 7 IO aso seen 200 Tutt WSand =e tcene : , 
R.) BY Rossiter..|Sec. 11... Us ae ee Gravel__.__-----|Mainly blue till. 
W. McCloy -...---. Se@. 713 ce ae oeees: 184 80 | Limestone-_----- 
Ty oa Bal E. 
— Ree eed Brown Station ----. 160° | © 199. Sse 2aeeteee ee Surface deposits and soft 








blue clay,: 30; blue till, 52; 
sand and gravel, 28; blue 
till, 22; pebbles, drab silt, 
30; blue clay with pebbly 
streaks, 31; chocolate col- 
ored clay, 6; Maquoketa 
shale. 
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Typical wells in Clinton County—Continued- 

















Owner Location 
Peemnicnaus ...-|SeC, 1 —-........-..- 
PEE OWELS casaeen='feG, § —-...-...---- 
MemOmars 2.-....|Sec. 18 .:...-.---. 
Beeneliaeas.—-—-2=1Sec, § .4--.--.---=-+ 
PME amen 1500, § <j. 2----an-- 
tiated ‘ ss Zgec. 
NBs E. SE. 3 NE.“ sec. 29 

(Deep Oreek). 
Otto Kreus@ -----|NE. 4 SE. 4 sec. 14 


Thomas Farrell --|Nw. 2 
Church ---------— Bryant “i eit ie 
~-------------------|SW. 4 SW. 3 see. 1- 


~-------------------|WE. 4 SE. 4 sec. 28 


~-------------------|SE. 4 NE. 4 sec. 24 
--------------------|SW. % SE. 2 sec. 26 


a ___|SW.4 SW. 4 sec. 
— Hicks Sec. 7 gy 


George Egger -.-~|SE. 4 SW. 3 sec. 35 
J. Sullivan -..----|NW. 3% sec. 31_-.--- 


PReeNgeve <..2-.- --|NW. 4 NE. 3 sec. 27 
pee eee_.__--..| Leed’s-Grove, sec.10 
eee Diercks -_<|Sec. 33  <.--.--.....- 
ims N., Be Tk. 
(Part of Elk 
River). 
— Shattock ----|W. 4 sec. 81__. .-..- 
22 


Frank Naeve -----|Andover, S. 3 sec. 


Detee N., . 6 EB. 
(Hampshire; 
Part of Spring 
Valley). 

J. Lindmeyer ---- 

Peter Ehlers --.... 

Peter Swartz . 

A. Olausmann --. 


Sb eeeseGar td ce 
NW. 4 NW. 3 sec. 28 
NE. 3 NW. i sec. 3 
NW. 2 SE. i sec. 10 


Claus Knutson ..-|SE. 4 NE 2 

James Hand -.---.. N. a at nw 
George Lange ----|SW. 4% SE. # sec. 5 
ot COMO oe ee 








220 


100 


200 








Depth to rock 


Feet 


60 


20 
30 


55 
68 


140 


Water-bearing 
Formation 


Remarks: 
(Logs given in feet) 





Sand and gravel 


Limestone--_-_-_-_- 


een () 
AO 


Limestone__--_- 
Gravels2.-- 3.5 


Limestone-_----- 


Sand, 2s2ss2.25 


Shale2.e..25 


ee ea = om ew ew oe 


Limestone__-_--- 





Near-by wells on_ higher 
ground reach rock at 50 
feet 

Drift, 60; .Niagaran dolo- 
mite, $6; Maquoketa shale, 
10. 


Drift, 30; limestone, 40; blue 


mucky shale, 40;  lime- 
stone, 80. 

Yellow clay, 6; limestone, 
154. 


Plenty of water, though a 
well 50 feet distant and 
300 feet deep was not a 
suecess, both striking rock 
at the same depth. 


Yellow clay, 30; blue clay, 
38; limestone, 1 
Yellow clay, 30; 
116; gravel, 10. 
High ridge. 
Ridge. Yellow clay, 20; 
till, 135; gravel, Be 
Drift, 125; limestone, 100. 
Goose Lake Channel. Al- 
luvial clay and sand. 


35. 
blue till, 


blue 


Drift, 142; limestone, 100; 
shale, 157; 80 rods north 
on same place a well found 
limestone 180 feet thick 75 
feet from surface. 

Soapstone (Maquoketa 
shale) at 97 feet. 

Alluvium and blue till to 
rock. 


Terrace 60 feet above water 
level in Mississippi river. 
Stops in sand under blue 
mucky clay. 





Surface deposits, 60; lime- 
stone, 30; shale, 110; water 
heads near surface. 


High ground; all yellow clay. 








4 a 
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Typical wells in Clinton County—Continued. 
4 
12) 
g 
Owner Location ¢ | Water-bearing Remarks: 
ths ra q Formation (Logs given in feet) 

a a 
o oO 
A =) 

Feet Feet. 

1B.) Manning” Sec 110 BO i, ee= nase hoe t ee ee 

GUE Cooks 157 00-4 bc. Be San ee 

TT S20 Noy ode. tds 

(Part of Spring 
Valley). 

Eagle Point Park/Lyons :___.-.--...._| 464 90 Mit oe ees Loess, 20; Niagaran dolo- . 
mite, 140; Maquoketa 
shale, 200; Galena dolo- 
mite, 104; a weak well. 

Marion Gates --__|Lyons 200 

is == UV ONS eee 0. tee ko ee ee Bluff. Ends on shale. 
Oakland Cemetery! do __________ 276 | 60| Sand veins in 'Loess and drift, 60; lime- 
; ; : 
De 82 No, B. 6-H, shale. stone, 116; shale, 100. 
(Center). 
James McDevitt -|gee, 3 Cie || Mecca Sénd se) see Goose Lake Channel. All 
: sand. Head, 1 foot te- 
Willi r low curb. 
illiam Wiese -..-|wE, 4 NE. 3 sec. 11| 82 |__-___ Gravel. a Hillside, about 25 feet above 
ereek; flowed for several 
years from gravel under 
: blue oe ave : 
Se en ces NW. 4 NW. 3 sec. 14 0 |_..........._.____]Walley. Drift, 30; limestone 
i ; aes oy 120; shale, 180; Galena dol- 
omite, 95. 
Hans Wiese ---_-- Sg 4 é i 
. SW. 4 SW. 3 sec. 9| 250] 1c | Limestone__:__- Ends in Niagaran dolomite. 
A. Steudemann -- SW. i SF Stiged:. 15). 182 see, Sand bets ee Goer Lake Channel. Ail 
: sand. 
Witiatn Buech _.. SW. 3 sec. 14______ LB. |oeke uP A Tole Goose Lake Channel. 
uech ---|Sk. 4 NE. 4 sec. 14] 230] 130 |_--______---____- Upland Geen Goose 
Lake Channel. 
Center Grove 
Creamery. SW. 4 SW. 3 sec. 2} 170 | 180 |__.___-.__.____. 

Town --------..--- Wivire beck eee ee Band walt eee ee Alluvium, 5; yellow clay with 
sandy streaks, 50; sandy 

T. 82N., R. 46. blue clay, 60; sand, 3. . 

(Washington; 
(Part ‘of  De- 
witt). 3 
24,528. 55s NE. pigeon 9 y 2 Yellow clay, 40; blue clay 
4 fee, Soe oe BBB (CD | Roses eet nearly to rock; a little 
* ; sand on rock; blue quick- 
maene my feet on rock. 

M.s BHAHNAR |S We aN Eien 8eCo il mena? Bi fie eo ee uO wlan 

Will, fee SE RR Bee tg aa | oa 118 2 es 1 ee ean High ground. 

ba on Burka -- Hen=78 66 64 

5 6G» SEER Fata -------------- GN Eadie Soho : 
s 10 Aer eee Hard blue till, 105. 

J. McDermott —_ S$ £ 1 175 | 125 |_----------------- Hard blue till, 120 

T. Naughton CC.5, 20. ane TST SECT RO eee be vee eee , 

: Sa 71S Wed NESS seen 1b) © 19aa| a renee ame ae oar a phe gine 

On ae: Se See NW. : ; a ““""""|Yellow clay, > har ue 

W. 4 NW. i sec. 15| 225 |..--_.| Gravel_________- till, 80; quicksand, 70; 
r coarse sand and graye’ a 
Surrounding wells stru 
Qe IN.3 des. 0 Ee 
(Welton: Part rock at about 125. 

_ of Dewitt). 

MoS DOSY Gis iee| eee’ oy boc) ME pce ae he Rea Curb 770 feet above sea 
level; hence rock less than 

~ : 610 feet. above sea ievel. 

E. Parker --... peat gg.” th tan We eee $60.4: Steg Ih NRE hades a en Loess and yellow till, 25; 
rather soft blue till with 
sand streak 75; blue till, 

soa compact f 

William Betts ----|See, 6 ___-_-_---_--. 140 | 100 | Limestone...-.. id 

P. H. Ryan -----/NE. 4 NE. 3 sec.11| 106| 66 |__-. do -----_---- Yellow clay, 36; blue clay, 

W . 30; limestone, 40. 

a) RU Ys ere ae INWiesd” BGC; 936222] 1907100 Neer do eee eee Yellow clay, 20; sand, %0; 








limestone, 30. 


a 
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Typical wells in Clinton County—Continued. 











Owner 








L. A. Loofboro_.|SE. 4 SE. 3 sec. 17- 


— Reedinger -__ 


MecEN ae, 2 E. 
(Berlia). 
Mary Hassett --_- 


A. Galloway 


Dougherty Estate 


Patrick Oonners__ 


Ex 


Schocker ____._ 
M. 


Je einter 
P. Peterson 


Wilfiam Rock --.. 
William Retts .___ 
Kohler Bros, .... 


Seam. Woltd __.- 
We SZoON., Rk. 1 E. 
(Liberty). 
merit en 


J. E. Wolfe -._.. 


T. Horstman ---. 


TerclN., R. 1 Fh. 
(Spring Rock). 
aiwaineel, ..... 
ca Wheat- 


K. Jergenson ---- 


Homrighausen 
eLIN.: hh. 2 E. 


A. Soren 
O. F. Ludwigson- 


Bruce Walker ---. 
TeoLN:, BR. 8 E. 
and 
De- 


Town of Grand 
Mound 




















wd 
oO 
£ 
. ° Water-bearing Remarks: 
Location i - Formation (Logs given in feet) 
2 ry 
o o 
faa) A | 
Feet | Feet BoA Se 
180 p20 Ec eo (oe eee ne em Yellow clay, 30; blue clay, 
50; limestone, 100. 
Old Welton ------.. gee weet | Gravel... 2.2) Yellow clay, 35; blue clay to 
gravel on rock. 
BW Re SOC, ee ines SOME ess eleete OO saeencmns High upland. Yellow lay 
30; blue clay, $8; gravel, 4. 
STORE ao See DEGH ie Oek lr aSacet ce caeen noe High upland; curb 840 feet 
above sea _ level. Black. 
soil, 3; yellow clay, 30; 
blue clay, 288; red clay, *#; 
limestone, 2. 
OCG LS xpaccse caaenae! 175 80 | Limestone_-_---- High upland. Yellow elay, 
30; blue clay, 50;  lime- 
stone, 95. 
en ay BOOM eo 16S eelGO |Satidwes. tooo. Sandy soil, 20; blue clay, 20; 
limestone, 2. 
SH. 3 sees, 8.4 ose 117 | 102 | Limestone_-__-_. oe er 
Pea Oils + SCCs 12 yee 242) 1 22%) |B do 2 252s Yellow clay, 82; blue clay, 
1 190; limestone 20. 
SE. 2 sec. 18______.- 210), 205 /2--— doi = -.--=2- Yellow clay with sand, 50; 
blue Clay, 30; quicksand. 
15; blue clay, 110; ~—«ilime- 
tone, 5. 
NE. 3 sec, 23____-__- TS haat a Mai SU eae: 
ile e eC, 22-- 2s 70 SO ge > Cb ee ea Sandy soil, 30; limestone, 46. 
Center of S. 4 sec.| 180 |__.__. Graveli ss. Sandy yellow clay, 32; blue 
: clay, 40; sand, 10; blue 
clay, 96; gravel, 2. 
SE. 4 sec. 36.---.... 85 40 | Limestone______ 
NGC.) D> sence ee 100 A \s) | ae o (ee ape aaa Sand, 70; limestone, 30. ,. 
Deer lathe ok ee TPO RS ie Font So Re aie Sg Wapsipinicon bottoms. Sand, 
110; limestone, 30. 
(SITE Wl 7 ea a oa AEN Wy dey ag Uist 2 see eee a Wapsipinicon bottoms. Yel- 
| low clay, 35; blue clay, 120; 
limestone, 20. 
SW ot s-ReCs) 452 2a. e 180) joeocee Band 22.23 = Soil, 1; sand, 120; hardpan, 
9. 
Wheatland ---.-~-- 171 87 | Limestone______ Iowan plain. Alluvium, 5; 
yellow clay,43; blue clay, 
39; limestone, 84. 
NE. 4 NE. 3 sec. 25) 229] 180 |_... do-_-..._.._.Wapsipinicon bottoms. River 
sand, 60; blue clay, 80; © 
black hard clay, 40; blue 
shale, 40; limestone, 9. 
SE. 4 NE. 2 sec. 28} 287 | 185 |.... do ..-__.-__| Bluffs. 
SOO aa ee ee UP ey 10g ee COhan kee aot 2; sand, 100; limestone, 
8.3 ie * see. T1-_-|) (5b [8 Sp ares ee nae es EE Adee clay, 48; limestone, 7. 
C8 IL aaa aa 230 | 228 | Sand -_.-.--_.._|Sand, 100; blue clay, 20; 
sand. 108; limestone, 2. 
ORIAINU se coat a noes) ASK 20 Ware et eee te Yellow clay, 20; blue clay, 
100; limestone, 17. 
ee Grand MOUNG ...so- 88 41 | Limestone-_-_-._ Soil and gravel, 41; lime- 


stone, 47. 


¢ 
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Typical wells in Clinton County—Concluded. 























| Ad 
} iS) 
[rates 
| x 
: . ° Water-bearing Remarks: 
Owner Location a = Formation (Logs given in feet) 
=) a 
o ov 
A A 
Feet eet foo ne see 
George Jordan -.-|Grand Mound ------ 144 15 | Limestone_-____- Heads 80 feet below curb. 
: Diameter, 4 inches; depth 
to water bed, 125 feet. 
eel Nie kee 2 bee 
(Part of Dewitt). 
Chauncey ler-| mile NW. of Del is0e US" eee eee eee ee High ridge. 
rington. Witt. : 
Town of DeWitt|/De Witt ------------ 524 40 | Limestone____--_| Yields 50 gallons a minute. 
NDS! i. Diameter, 10 inches. 
Qhitarome wNoTth|=-—— GO™-2s-sees0 oe 267) coe aiee 0 secon Soil and: sand, 40; limestone, 
Western Ry. 220; shale, 7. 
H. #. Viekery ...\SW. } NE. 3% sec. 36) 47 T Vea OOM setae ae 
EOIN Pe Ft. /D:. Bi. 
(Parts of Eden 
and Camanche.) 
Hers ee likes) sess RIOMUCTIS | = eee 51 A ee a8 0 Vet ee Sand, 37; limestone, 14. 
Maple Gro vv ¢!2 miles W. of Os | Seer Limestone at 
Sehool. Folletts. bottom. 
OaaVian SE pps. .. _ |INWie# seer see “iy PANE = 2 Grivel 22 Sand, 40; blue elay, 130; 
J gravel, 2; 








IOWA COUNTY 


BY O. E. MEINZER AND W. H. NORTON. 





TOPOGRAPHY. 


The surface of Iowa county is well dissected and contains 
only isolated tracts of relatively level upland. The largest 
stream is Iowa river, which meanders through a broad flood 
plain. 


GEOLOGY. 


The bedrock consists of indurated limestones, sandstones, 
and shales which belong to the Devonian and Carboniferous 
systems and dip gently southwest. (See Pl. XV.) Though 
the main body of the Pennsylvanian series (Upper Car- 
boniferous) is found farther south and west, there is reason 
to believe that thin outliers of this series occur in this county, 
lying on an erosion surface of the older formations. The un- 
consolidated deposits, which rest on the bedrock, range in thick- 
ness from a mere veneer to more than 300 feet, this difference 
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being due not only to the relief of the present surface but also 
to notable irregularities in the surface of the bedrock. There 
is evidence of the existence of two distinct drift sheets, the Kan- 
san and Nebraskan, separated by the Aftonian gravel.’ 
Throughout most of the county the drift is concealed beneath 
loess, but in the principal valleys alluvial deposits are at the 
surface. 


UNDERGROUND WATER. 
SOURCES. 


Alluvial sand or gravel furnishes generous and permanent 
xsupplies of water wherever it occurs, but elsewhere most of the 

water comes from the drift or associated porous materials. 
Many of the older wells were dug or bored a short distance into 
the drift and these furnish only a scanty and precarious supply, 
but at present many drilled wells range in depth from 50 to 
more than 300 feet, ending in layers of sand and gravel inter- 
bedded with bowlder clay or lying immediately below the drift. 
Most of these latter wells are two inches in diameter and are 
finished with screens that become incrusted after a few years 
of service. 

On account of the irregularities of the rock surface great dif- 
ferences are found in the occurrence and water-bearing capacity 
of the drift aquifers and in some localities the drill enters rock 
before it encounters a satisfactory source of water. .The sand- 
stones and some of the limestone strata will yield water, but the 
shales and argillaceous or massive limestones are of little value 
as aquifers. Many successful rock wells of only moderate 
depths have been drilled, but in some places the indurated for- 
mations have been penetrated for several hundred feet without 
finding water. Where the drift is underlain by shale it is ad- 
visable to finish wells in the drift whenever possible, but in lo- 
ealities in which a good water-bearing sandstone or limestone 
lies within a few hundred feet of the surface it may be more 
satisfactory to case out the fine sand deposits that will give 
trouble by clogging the screens and to end the well in rock. 

' The water from the alluvium and upper part of the drift is 





7Ann. Rept. Iowa Geol. Survey, vol. 9, p. 523 et seq., vol. 20, p. 172 et seq. 
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only moderately hard; that from the deeper beds of sand differs 
greatly in mineralization, some being harder than that of the 
shallow water and some too hard and corrosive for either 
domestic or boiler use. The water from the rock formations is 
generally rich in dissolved solids. 

At Marengo three or four flowing wells end at depths of 
several hundred feet in what is supposed to be Devonian lime- 
stone. Farther up the valley of Iowa river and also in the 
valleys of Honey creek and Bear creek many flowing wells ob- 
tain water in the Aftonian gravel and a few are supplied from 
rock strata. These flows belong to the famous Belle Plaine 
artesian basin (pp. 426). ie 


CITY AND VILLAGE SUPPLIES. 


Amana.—At Amana (population, 621), which is located in 
the wide valley of Iowa river, there is a 1,640-foot artesian well 
and also a well about 475 feet deep which passes through shale 
and ends in what is supposed to be Niagaran dolomite. 

The deeper well is 6 inches in diameter. The curb is 730 feet 
above sea level. The original head was 30 feet above the curb 
and the head in 1908, 20 feet above ihe eurb. The original flow 
was 200 gallons a minute; in 1896 the flow was 100 gallons and 
in 1908 it was 50 gallons. ‘The temperature of the water is 68° 
F’. This well is located in the SW. 144 NW. \% sec. 36, T. 81 N., R. 
9 W. From the start in 1881 to the finish in 1883, it was drilled 
wholly by the labor and skill of the Amana Society. Originally it 
was cased to a depth of 400 feet with 6-inch pipe which withstood 
the corrosive action of the water about four years, when a 4-inch 
pipe of equal length was inserted and made tight at the bottom 
with secure packing. 

Water began to flow at a depth of about 400 feet, 330 feet 
above sea level, about the horizon of the Independence shale 
member of the Wapsipinicon limestone. Like the flow from this 
horizon at Davenport, the yield was very small, not over 8 gal- 
lons a minute. A slight increase, raising the discharge to 16 
gallons a minute, said to be from: the Maquoketa shale, was the 
only addition met with until the Saint Peter, 80 feet thick, was 
reached at a depth of 1,020 feet, when the discharge rose to 30 


, 


ee 
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gallons. At about 1,200 feet (440 feet below sea level), in 


the Jordan sandstone, a rapid increase began and the full flow 
was reached at 1,640 feet. The water is used only for scouring 
in the woolen mill of the Society. 


Record of strata in Amana well. 








( 





Thickness | Depth 

Feet Feet 
Pleistocene SSUES 2 580 aes as OS Se ee ae ey ee 50 50 
Seeeeeeenouiterous and Devonian). —..........-....-............-.---=-...._. 800 850 
PE ELIESSU SY Yet ot ed ae 200 550 
EN) a uae a ee ee eee * 220 770 
Deernedamiona and Platteville). 2.26 ne on Se eee eee 250 1,020 
LTEROE ICOLUT yee rk ee ee ee er ae 80 1,100 
RISIERTIO“ CY ONIN )) oo ee 540 1,640 











In the shallower well at Amana the water at first rose 7 feet 
above the valley surface but now stands 6 or 8 feet below the 
surface. It has been pumped at the rate of 29 gallons a minute. 

Water diverted from the river and led through a canal to 
this settlement for use in power plants is used in the factory 
boilers and also supplies the small gravity system of water- 
works. As it is softer than the underground water, it is gener- 
ally employed for washing, but water from shallow wells is used 
for drinking and for culinary purposes. 

East Amana.—At East Amana a 475-foot well is supposed to 
end in Niagaran dolomite. It is located on somewhat higher 
ground than the wells at Amana and hence does not overflow. 
A similar well was drilled at West Amana. At South Amana 
the waterworks are supplied from a drilled well 600 feet deep, 
and at Middle Amana from a shallow dug well; at High Amana a 
spring is largely relied upon. 


Homestead.—At Homestead the society has a well 2,224 feet 
deep which is located on higher ground and hence does not over- 
flow, although it yields well when pumped. (See Pl. XV.) 
It supplies a small gravity system of waterworks similar 
to the one at Amana. 

This well, which was drilled by J. P. Miller & Company, of 


Chicago, is 10 inches in diameter to 340 feet, 7 5-8 inches to 750 
31 


. rn 
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feet, 6 inches to 1,560 feet, 5 inches to 2,023 feet, 4 inches to 
2,224 feet. The curb is 868 feet above sea level. The water 
originally stood 117 feet below curb, and the present head is 87 
feet below curb. Water was found at 600 feet in the Niagaran, 
rising to 150 feet below the curb, and at 1,700 feet in the Jordan, 
rising to 117 feet below curb. Date of completion, 1895. Cas- 
ing was carried from the top to 340 feet, from 335 to 525 feet, 
and from 750 to 1,000 feet. No packing was used. The pres- 
ent yield of this well is 80 gallons a minute. 

The strata penetrated are indicated by the following log and 
record: 


Driller’s log (geologic correlation added) of Amana Society well at Homestead. 




















| Thickness Depth 
Feet Feet 
Pleistocene, Carboniferous and Devonian (505 feet thick, top 868 feet above 
sea level): 
CUB nnn crcrmcsmcs cree a eee ae cee we miegins es ine tec she oe ee wc tie nt ae ee 300 300 
Shals ahe 205 : 505 
Silurian Cae dolomite, "245 feet ‘thick; “top, "368 feet ‘above | sea level): 
, se eee ee ee ee 245 750 
Ordovician: 
Maquoketa shale (250 feet thick; 118 feet above sea level)— 
Ouale ~---.-.-------- ---~ + + + + eo = 5 on oo 3 ne oo on eee 250 1,000 
Galena and Platteville limestone (300 feet thick; top, 182 feet below sea 
level)— i 
Limestone’ + 22222 3 cascade so ere te eat a eater ee 300 1,300 
Saint Peter sandstone (100 feet thick; top, 432 feet below sea level)— 
Sandstone: 55 Se oe ea tw ce ea na eee eee 100 1,400 
Prairie du Chien stage (870 feet thick; top, 582 feet below sea level)— 
Sandy Wmestone oa es se te ean ce ele ee 370 1,770 
Cambrian: 
Jordan sandstone (100 feet thick; top, 902 feet below sea level)— 
Sandstone —-.-..---—-- Se et re 100 1,870 
Saint Lawrence formation “(230 feet. “thick; top, 1,002 feet below sea 
_level)— 
Limestone 2. eee oe re is cea as aead ane aaa eee ee eee 230 2,100 


Dresbach sandstone and earlier Cambrian strata (124 feet penetrated; 
top, 1,232 feet below sea level)— 
Sandstone (penetrated) ------------------------------------------------ 124 2,224 








v 
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Record of strata in well at Homestead. 


Depth in ft. 


Shale, greenish yellow; many siliceous pebbles_---..---------.----------------.. 275 
Shale, yellow; numerous small brick-red ocher nodules; ferruginous, aren- 
DEER SGLICA Ly NOUCAICATCOUS: =2222002-22-- 8 2 sean enn coe nt oe cence ene =~ 285 


Shale, light greenish gray, fissile, slightly calcareous; some red ocherous 
nodules and a few fragments of limestone, chert, quartz, and dark shales 475 
Limestone and shale, light blue-gray; chips of light gray compact lime- 
stone of earthy luster and highly argillaceous; in highly calcareous 
a I eS a SS Se oe ae ee eee ee See Se Ae 500 
rico blie-eTay, vesicular; in small chips-_.+-2.-----------.--- -...-~.-.._..-. 
DEER TOP POW Oer io.022225- 0b ea 1 eek ace ee eee 
a ee nok reed axes oh cae ada een om ene oe 
mmr yes. SuUperiicial and recent .-2.2-2--225.-+----2.-----2----- 2-1-5 .5---8= 
Limestone, drab; in thin flakes; earthy, fossiliferous 
CLOG) Ss SESS see ee 
EET OTS oo ahi wl abe a ee 
Sandstone, fine, white 
Sandstone, calciferous; chiefly quartz sand with considerable dolomite 
nce OE A a ae a oy a a Oe 1,475 
Sandstone, cream-vellow; coarser than at 1,345 feet; grains mostly rounded 1,800 
Sandstone; very fine, white angular quartz sand; considerable dolomite 









Ie a sa i i ee ee ne 1, 825 
pemstone; in white powder of microscopic quartz----.-----------_~2__---_..-.--.< 1, 850 
ee ee ee ee 2,025 
Sandstone, red, highly calciferous; argillaceous and calcareous ‘from 

TTI eM) oe inl Sam ea aso am Se ea ee nec eee eee nnn 2, 200 


The wells at Homestead and Amana are less than four miles 
apart, but their records are gravely inconsistent. The summit 
of the Maquoketa in one is at 180 feet above sea level and in | 
the other at 118 feet above sea level; the summit of the first 
sandstone in one is 290 feet below sea level and in the other is 
432 feet below sea level. The record of the Homestead well, 
inexact at it may be, is used in the geologic section from Daven- 
port to Des Moines. 


Marengo.—The public supply of Marengo (population, 1,786) 
is derived from a well located in the valley and sunk through 
sand and clay into a bed of gravel lying at a depth of 35 feet. 
The well is 18 feet in diameter and is cased with brick. Water 
stands 2 to 12 feet below the surface, according to the season, 
and it is reported that when this level is lowered 6 feet by 
pumping water flows into the well at the rate of 350 gallons per 
minute. The analysis (p. 183) indicates that the water is 
only moderately hard and is relatively good for boiler use. 
Before the present well was dug, a system of driven sand points 
was used but was not satisfactory because of the clogging of 
the strainers. 

The water is lifted into a tank elevated upon a tower and is 
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thence distributed by gravity through a system of mains. It 
is used by about half of the people and by the Chicago, Rock 
Island & Pacific Railway, approximately 65,000 gallons being 
consumed in an average day. 


Forecasts for an artesian well at Marengo have special in- 
terest because of the difficulty usually experienced in getting 
good water from the shale of the Kinderhook (Mississippian), 
which forms the country rock in the vicinity. 


After penetrating this shale the drill will enter the Devonian 
rocks, which also may be expected to contain considerable shale. 
Below these lie the Silurian dolomites (Niagaran), which prob- 
ably contain some water under a head high but not sufficient to 
reach the curb. The Silurian here may include the Salina (?) 
formation which contains some gypsum or anhydrite, either 
disseminated or in layers or lenses, and the water from this 
formation may be rather highly sulphated. The dry Maquo- 
keta shale should be next reached at a depth of about 638 feet 
(about 100 feet above sea level) and may be 250 feet thick. The 


next formations in descending order, the Galena limestone, 
Decorah shale, and Platteville limestone, will yield some water, 


which may contain sulphureted hydrogen. The Saint Peter 
sandstone lies about 450 feet below sea level (about 1,200 feet 
from the surface). Drilling should not be stopped at the Saint 
Peter, however, but should be carried a few hundred feet 
deeper, through the Prairie du Chien stage—creviced dolomites 
with sandy layers—and through the water-bearing Jordan 
sandstone. 


The water from the Jordan may be expected to flow with a 
pressure of about 10 pounds. The well should not be sunk 
deeper than 1,800 feet except under the advice of a competent 
geologist who has examined a full set of drillings from the 
well and to whom all the facts as to the water found have been 
submitted. 


\ 

The quality of the water will depend in part on how effectively 
the upper waters—those of the Kinderhook and possibly the 
Silurian—have been cased out. Analyses should be made of all 
flows so that deleterious waters may be shut off and good 
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waters with high heads admitted. With due precautions a fair 
drinking water should be obtained. 


Victor.—Victor (population, 640), situated on the banks of 
Big creek, has a system of waterworks that is supplied from an 
open shallow well. 


Wiltiamsburg.—The ‘waterworks at Williamsburg (popula- 
tion, 1,060) are supplied from two wells at separate pumping 
stations—one in the valley of Old Man creek and the other 
recently drilled on somewhat higher ground. The old well is 
eight inches in diameter and 110 feet deep, and ends with 
a 20-foot screen in a bed of sand below blue clay, the water ris- 
ing within about 45 feet of the surface. The new well is also 
eight inches in diameter and ends with a long screen in what 
is apparently the same bed of sand. Starting from higher 
ground, it goes to a total depth of 145 feet with the water re- 
maining at about 85 feet below the surface. With the cylinder 
at a depth of 128 feet, the well is reported to have been tested 
at 200 gallons a minute and is usually pumped at about 100 
gallons. The water, as shown by analysis (p. 183), is only mod- 
-erately mineralized. The water is stored in two compression 
chambers on relatively high ground and the pressure is sup- 
plied in part by gravity and in part by compressed air. The 
mains have a total length of about two miles and there are 24 
fire hydrants and approximately 175 points at which the water 
is used. A: large portion of the inhabitants are supplied and 
an average of 20,000 gallons are consumed daily. 

The railway supply is obtained from a well which is similar 
to the two village wells and which has been tested at 250 gal- 
lons a minute. 
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JACKSON COUNTY. 





BY W. H. NORTON. 





TOPOGRAPHY. 


The larger part of the upland of Jackson county has been 
carved by running water to high complex ridges whose rounded 
crests and gently sloping flanks descend to deep and in many 
places rock-walled valleys. The topography is that of the drift- 
less area. The earlier invasions of the glacial ice probably cov- 
ered nearly the entire county, the northeast corner alone be- 
ing excepted; but the thinner deposits of the earlier ice sheets 
only slightly modified the preexisting relief, and the thicker 
ones were afterwards sculptured to much the same form. The 
thorough dissection of the area is due not only to the length 
of time in which it has been exposed to weather and running 
water, but also to its differences in elevation. In the northeast 
part of the county the surface stands nearly 1,200 feet above 
sea level, whereas Sabula, in the southeast corner, is but 603 
feet above the sea. 

The lower and more level lands include a small area in But- 
ler township referred to the Iowan drift and one of the same gen- 
eral characteristics extending from Monmouth to Maquoketa 
and thence into Clinton county, together with the forested or 
grassy flood plains of the Mississippi and the wide valley floors 
developed in the weak Maquoketa shale by the broad ancient 
temporary channel of the Mississippi from Green Island to 
Spragueville and thence south to the county line. 


GEOLOGY. 


The drift commonly exposed to view is the Kansan, a stony 
clay, reddish where weathered but blue-gray originally, and 
where unaffected by weathering. Over all the uplands of the 
area, except in a small tract in Butler township allotted to the 
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Iowan drift, is spread the loess, a yellow dust or silt reaching a 
maximum thickness of 25 or 30 feet. 

The formations immediately underlying the drift in Jackson 
‘county comprise the Niagaran dolomite, the Maquoketa shale, 
and the Galena dolomite. (See Pls. IX, X.) 

The Niagaran is a hard dolomite, which, except on some small 
areas underlain by the Maquoketa, forms the bedrock on which 
the surface materials ‘are spread over all the uplands of the 
county. 

The Maquoketa comprises a blue plastic shale, 150 feet thick, 
reached by the drill in different portions of the county and at 
onee recognized by its clayey nature and by the fact that it 
immediately underlies the limestone which forms the country 
rock of the uplands and is the first shale to be reached by the 
drill. The Maquoketa forms the bedrock of the valleys of the 
ereeks tributary to the Mississippi and of an area of several 
square miles about Preston. 

The Galena, a hard dolomitic limestone, cut by the drill into 
sharp glistening yellow sand, is exposed at Bellevue near wa- 
ter level in the Mississippi (its southernmost outcrop) and 
forms conspicuous bluffs in the northeast townships of the 
county. 


UNDERGROUND WATER. 
SOURCES. 


The available water beds of Jackson county are chiefly in 
the indurated rocks. Drift deposits, such as those at the base 


of the loess, and the gravels interbedded with stony clay or 
overlying rock, have generally been left dry, or at least in- 
adequate for stock wells, by the gradual lowering of the ground 
water. In localities where thirty years ago water for domestic 
purposes could be obtained by wells 100 feet deep it is now 
necessary to drill to 150 and 175 feet. 

The sands of the wide flood plain of the Mississippi between 
Bellevue and Sabula, the smaller flood plain areas along the 
Maquoketa, and an area a mile wide which extends from Green 
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Island to Spragueville, are saturated nearly to the surface and 
yield water to driven wells. The ancient terraces of alluvium 
along Mississippi river also afford water at moderate depths. 

Over the larger part of the county wells are compelled to 
enter rock to find permanent ground water adequate for farm 
or village supply. The chief water horizon is the Niagaran. — 
This dolomite, in changing from its original form of a non- 
magnesian limestone, became vesicular and porous, so that wa- 
ter seeps slowly through it, especially in certain layers. More- 
over, percolating water has dissolved out passageways in the 
soluble rock, thus securing an active circulation. Furthermore, 
the Niagaran is underlain by an impervious shale bed, the Ma- 
quoketa, which by arresting the descent of ground water tends 
to keep the lower portions of the limestone saturated. For this 
reason water is often found some distance above the summit 
of the shale. It occurs in porous granular beds cut by the drill 
to sharp shining fragments the size of sand, thus giving the 
false impression that the drill is working in sandstone. The 
layers of limestone interbedded with thin layers of chert or flint 
which oecur near the base of the Niagaran are generally water 
bearing. Abundant supplies may be obtained when the drill 
happens to strike a crevice or other opened passageway of 
eround water. . . 


DISTRIBUTION. 


Two areas in which water occurs in the drift are of special 
interest inasmuch as they mark river channels long since aban- 
doned by the streams which formed them. 

Goose Lake Channel, carved and in part filled by the diverted 
Mississippi, crosses the southwestern part of Van Buren town- 
ship, passing thence into Clinton county. A well in the south- 
west quarter of section 32 of Van Buren township, probably 
representative of much of the area, has the following log: 
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Log of well in Van Buren Township. 











Thickness Depth 





: Feet Feet 
ee aay ERS ee ee re 10 


Olay, blue, hard, and gritty; old forest bed at 30 feet___-_---___-----_-_-____ 80 AO 
ease Sal A SA ee GR ES aR ey ce 40 30 





8 3 ee a ae ae a ee en 10 90 





A well in Preston, on the same lowland, shows the following 
sequence : 


+ 


Log of well at Preston. 











| Thickness Depth 








Feet 


ERM a a a ee ee ee one Oe 
wiavsepide, gritty; 5-foot streak of yellow “stuff”__.----.._--..--__.-.-.__. 


Eee 
ae a SI SED spe a ee Ts 
Ine ao a ngs nn nn seen 











On the other hand, a well sunk by the town of Preston to a 
depth of 140 feet on the same ancient channel is reported to 
have been entirely in sand and gravel. A well at the stockyards 
at Preston ends in sand and gravel at 128 feet. 

A second ancient channel forms a plain one to two mile wide, 
utilized by the tracks of the Chicago & North Western Railway 
from Monmouth to Maquoketa, and extending southward from 
the latter city. T'o the west it ends abruptly a short distance 
from Monmouth, where Bear creek descends to it through a 
rock-walled gorge. An investigation of the wells of the vicinity 
has not disclosed any westward extension of the buried chan- 
nel into Jones county. At Monmouth, on the south side of the 
town, wells reach rock within about 70 feet of the surface (670 
feet above sea level) and find their supply in the upper eight or 
ten feet of porous and water-logged limestone, the head being 
sufficient to bring the water within ten feet of the surface. But 
on the north side of town few wells exceed fifty feet in depth 
and they reach rock from two to twenty-five feet from the sur- 
face. 
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On the plain between Monmouth and Baldwin some wells 
about sixty feet deep end in gravel, and the rock floor is found 
at forty feet from the surface. At Baldwin the rock floor is 
about 650 feet above sea level, wells near the Chicago & North 
Western Railway station entering it at ninety feet. In the NW. 
14 sec. 25, Monmouth township, a well is reported as 225 feet 
deep, reaching rock at 200 feet, but one-fourth mile farther 
west rock outcrops seventy-five feet higher than the well curb. 
In section 29, South Fork township, a well 240 feet deep ends 
in gravel, the drill having passed through blue clay and quick- 
sand; the rock floor here lies below 520 feet above sea level. On 
the section south of that just mentioned the preglacial valley is 
partly covered with heavy drift cut into hills rising to more 
than 100 feet above the plain. Here wells go more than 200 
feet—one goes to 240 feet—without entering rock, the rock floor 
of the ancient valley being here below 580 feet above sea. Water — 
is obtained in gravels overlain by quicksand forty feet thick, 
the whole being buried beneath 200 feet of till. In sections 33 
and 35 wells on this plain 90 and 120 feet in depth end in 
gravel, the rock floor here not rising above 610 feet above sea. 
In the southeastern part of the township the rock beneath the 
plain les much nearer the surface; wells are known to reach 
it at twenty and forty feet, finding water in the underlying lime. 
stone within eighty feet of the surface. 

At Maquoketa, on the eastern border of this plain, the depth 
to water and the elevation of the rock surface are both variable. 
Rock outcrops near the station of the Chicago & North Western 
Railway and comes within six feet of the surface at the sta- 
tion of the Chicago, Milwaukee & St. Paul Railway. Six rods 
west of the last-named station, however, the drill finds rock 
more than eighty feet below the plain, and southwest of the 
station does not reach it for nearly 100 feet. In the south- 
western part of the town there are wells 140 feet deep which 
fail to reach rock, whose surface must here lie below 600 feet 
above sea. The succession of deposits here is as follows: 


Section at Maquoketa. 
Thickness in AG 
Clays yellow,.et surtacels. 225-2525 Je ee oe ee eee ee 
Clay, soft, blue, gritless ----------------------------------------~---------------<-<---- a 
Quicksand, blue --------------------------------------------------+----------------------- 100 
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The quicksand, which is found in many wells in town, is wa- 
ter bearing, but as it is too fine to afford footing for the casing 
the wells are continued to gravel or to rock and the sand cased 
out. How sharp are the descents to this narrow buried valley 
may be seen from the fact that rock is found at forty feet on 
the next street west from the one on which wells go 140 feet 
without finding rock. On the hill east of the high school a well 
eighty-four feet deep penetrated blue clay nearly to the bottom 
of the well without entering rock, but within one block rock 
was found fifty feet below the surface and water in the 
Niagaran dolomite 120 feet below. 


The depth of wells in the Niagaran varies greatly. Wells 
located in ancient rock-cut valleys obviously need to go a shorter 
distance to reach the base of the Niagaran than wells on the 
summits or sides of hills. The height of the hills is in many 
places accentuated by deposits of drift and loess, and the depth 
of wells therefore depends in part on the thickness of these 
surface clays. With the dip of the strata to the southwest the 
Niagaran thickens and may reach 250 feet or more in Mon- 
mouth township. It thins to the north and east, and in Tete 
de Mort township overlooks the valleys in steep cliffs forty to 
sixty feet in height. An upfold of the strata which extends 
from Sabula northwest for twenty miles, together with subse- 
quent denudation, has thinned the Niagaran and brought the 
Maquoketa shale nearer to the surface over a considerable 
area in the southeastern part of the county, thus reducing the 
depth of ordinary wells. In southern Van Buren and Fairfield 
townships the Niagaran has been widely removed by erosion 
and the Maquoketa forms the country rock. Fortunately the 
deep valleys excavated in the weak shales in preglacial time have 
been deeply filled with drift in which water :s usually found so 
that it is not necessary for wells to enter the dry shales. In 
general, wells suppliedfrom the Niagaran horizons range in 
depth from less than 100 feet to 230 or 260 feet. 


The Maquoketa almost everywhere consists of dry shales, 
end where water is not found above it the driller must choose 
between abandoning the drill hole for one in another location 
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or continuing the drilling with the definite expectation of hav- 
ing to pass through the entire body of shale before finding wa- 
ter at a greater or less depth in the Galena dolomite. Inasmuch 
as the limestones of the Middle Maquoketa found in counties 
lying farther north are absent in Jackson county, there need 
be no expectation of finding water before reaching the base of 
the Maquoketa. 


As examples of the depths needed to get water if it is not 
found above the Maquoketa shale three wells situated not far 
west of the Niagaran escarpment near Sabula may be cited. One 
of these (section 24, Union township) gives the following sec- 
tion: 


Section of well in Union Township. 

















Formation | Thickness Depth 





Feet Feet 
40 40 


Drift?) steacc.ctenc pastas oaeunencewehlt abst eae eee Re 5. Ao Se Bee 

Niagatan jdolomite. £2.53... -1-4.)..2.2 3 ee ee eee 154 194 
Maquoketa shale 22... 225220 22225 a oe nen aaen aaeae eee 120 314 
Galena) dolomite : «25 n  Se ea en ee wa eee ena ree ee 30 344 





Another well, on the farm of L. P. Hunderad, in section 35, 
fowa township, is reported as 450 feet in depth; and a third 
well, in section 34, same township, is said to reach a depth of 
more than 500 feet, the Maquoketa shale being entered at 150 
feet. 


In the valleys of Tete de Mort, Spruce and Mill creeks, ex- 
cavated in the Maquoketa shale, wells find water in the Galena 
dolomite within moderate distances from the surface, 


SPRINGS. 


Large springs are numerous along the bluffs bordering the 
Mississippi and the sides of the valleys of its tributaries at the 
summit of the Maquoketa shale. Transitional upper impure 
limestones of the Maquoketa, twenty to thirty feet thick, and 
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the massive Niagaran dolomite serve as a reservoir whose floor 
is the impervious shale beneath. As examples may be men- 
tioned the springs of George Egan (SE. 14 SE. 14 see. 15, T. 86 
N., R. 4 E.), of Nicholas Leg (SW. 4 SW. % sec. 16), of 
Peter Schreiner and of John Wagner (NW. 4% NW. 1% sec. 
29), all on Little Mill creek west of Bellevue. Some of these 
springs flow a rippling stream of crystalline clear water two 
feet wide and three or four inches deep. They emerge from 
talus slopes at the base of the bluffs, about thirty feet below 
the massive ledges of Niagaran dolomite or from near the base 
of the yellowish, thin-layered beds which form the transition 
between the Niagaran and the Maquoketa. The August tem- 
perature of these springs is 50° F. As the valley floor rises 
above the base of the Niagaran up valley the series of springs 
comes to an end, the last one noted being that of Peter Wagner 
(NW. 144 NE. % sec. 29, T. 86 N., R. 4'E.). The same descrip- 
tion applies to the large springs on Mill creek up Paradise Val- 
ley, the largest being on the farm of L. R. Potter (NW. 4 SW. 
14 sec. 10) and that of Anton Earnst (SW. 14 SW. 1, sec. 6). 

The springs issuing along the upper reaches of Tete de Mort 
ereek in secs. 4, 9 and 16, T. 87 N., R. 3 E., have given name to 
the civil township of Prairie Spring. They emerge low down 
along the bluffs somewhat above the summit of the Maquoketa 
shale. 

In eastern Jackson township in all the valleys which tran- 
sect the summit of the Maquoketa shale, springs almost uni- 
versally take the place of wells. Hach farm has its spring house 
for dairy purposes, and the supply is usually ample for all 
uses of home and farm. 


CITY AND VILLAGE SUPPLIES. 


Bellevue Bellevue (population, 1,776) draws its town supply 
from a shallow well located near the brink of Mississippi river. 
The fire supply is taken directly from the river. A reservoir 
furnishes gravity pressure of 100 pounds. Two double stroke 
Smedley steam pumps have a combined capacity of 1,000,000 
gallons per 24 hours. There are 24 double hydrants and 3% 
miles of mains. 
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Green Island—At Green Island (population, 128) water is 
obtained’ from drilled wells, thirty to seventy-five feet deep, 
entering rock at thirty feet, and from small springs. 

The Chicago, Milwaukee & St. Paul Railway Co. has a well 
823 feet deep, eight to four and three-quarters inches in dia- 
meter, cased with eight-inch pipe to 140 feet, and with six-inch 
pipe put down in 1906 (four years after the well was completed) 
to 180 feet from the curb and packed with rubber. The curb 
is 601 feet above sea level, and the head is 64.5 feet above the 
curb. Water was obtained from sixty feet and from 504 to 564 


feet. The strata penetrated are indicated by the following 
table: 


Record of strata of railway well at Green Isband (Pl. X). 


{Based on drillers log.] 























Thickness Depth 
Ordovician: Feet Feet 

Maquoketa shale (140 feet thick; top, 601 feet above sea level)— 

Olay, blue, and: shale 20-2 ls.0 22-20. eee 140 140 
Galena dolomite to Platteville limestone (335 feet thick; top, 461 feet 

above sea level)— 

Lime TOCK) ane eee 5 pa i re ee 310 450 

Rock}, (gray °2222.4..2 Cooks. a ee ee 25 475 
Saint Peter sandstone (106 feet thick; top, 126 feet above sea leve])— 

Sand) Tock) 2.20208 2 eee eee 25 500 

Shale 22222 Se. on a ee ee 4 “504 

Sand. roeK? .222..0-2 22-2 a ee ra 581 
Prairie du Chien stage (242 feet penetrated; top, 20 feet above sea level) 

Rock;  @ray \.22ss35--2600 522-5 sk ee eee eee 25 606 

Shale). ...-s-s4.cn 4s soe sk a 2 ee ee ee 2 608 

Sand rock i26$s25-32.-- Se eee 28 636 

Shale é “oo 25) 0 as Sad og a en ee rari 5 «641 

Rock, gritty, hard) 25.4 <2 e se eh eee 20 

Shale; blue 22-2220 3235-3 jet ee ee 5 666 

Rock,” @l ayy 2-0. 523 2 ee ee ee eee eee 45 711 

Shale © 2i:222222443.. Soo atta oe i 5 716 

Sand ‘Tok *s2c256526522- 5 ae as as eee eee eee ee 25 741 

Rock, flintywe.--<--2 20 761 

Shale (sa3ecsees- see ees owees 4 765 

Sand and gravel 11 776 

Shale © 220-2222 See a Saar ne ea a on og 5 781 

Limestone, shaly 42 823 











La Motte-——The waterworks at La Motte (population, 288), 
used chiefly for fire protection, comprise a well, a standpipe, 
mains extending for five blocks, and five hydrants. Drilled 
wells, in depth from 75 to 100 feet, with some as deep as 190 
feet, entering rock at about forty feet, furnish the domestic 


supply. 
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Maquoketa—Maquoketa (population, 3,570) takes its water 
from a well and from Maquoketa river. The water is pumped 
to a standpipe and is distributed under a domestic pressure of 
seventy pounds and a fire pressure of 125 pounds. There are 
thirteen miles of mains and 102 fire hydrants. Drilled wells 
100 to 160 feet deep are largely used for domestic supply. 

The possibility of obtaining water from deep wells at Ma- 
quoketa is indicated by the record of a prospect hole for oil 
put down by the Texas Drilling Company in 1907 to a depth 
of 1,716 feet in the SW. 14 sec. 11, T. 82 N., R. 3 E. (See Pls. 
TX, X.) The mouth of the hole. is about 760 feet above sea 
level; ten-inch casing was carried to a depth of 277 feet, and 
eight and one-fourth-inch casing to 1,103 feet. Water was 
struck in the Niagaran dolomite at a depth of 155 to 215 feet, 
heading 85 feet below curb; at 215 feet, in the base of the 
Niagaran; at 486 to 695 feet, in the Galena dolomite; at 1,110 
to 1,190 feet, in the Jordan sandstone; at 1,338 to 1,596 feet, and 
at 1,695 and 1,716 feet, in the Dresbach and underlying sand- 
stones. At 1,716 feet the water overflowed while the drill was in 
the well. 
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Record of strata in prospect hole at Maquoketa. 














| Thickness Depth 





Residual and recent (6 feet thick): Feet Feet 
Soll) oe eS bn eee ee ee ee eee 13 14 
Olay, ihard, -yellow::.......-<c- -~ 2 eee eee eee 43 6 

Silurian: | 
Niagaran dolomite (209 feet thick; top, 754 feet above sea level)— 

Dolomite. S222 el eee oS ee BA eee eee 209 215 

Ordovician: 

Maquoketa shale (225 feet thick; top, 545 feet above sea level)— 
“Sand and shale in seam ‘second water” (ooo ce eee eee eee 3 2154 


Shale, light blue; and limestone blue-gray, hard, close textured; 


slight effervescence 22-22 a ee eee 632 279 
Shale, blue yo > 8.4. 2223 =e a ee eee 151 430 
Shale, chocolate brown, fissile; rather hard; petroliferous, burn- 

ing with ‘strong flame: 22. ee ea ee eee 10 440 

Galena dolomite (255 feet thick; top, 320 feet above sea level)— 
Dolomite, porous, subcrystalline, gray; in log called ‘hard white 

shale” oti. 22 ee ee ee eee ee ee 46 486 
Dolomite, light buff, crystalline; in log, ‘‘mixed lime and shale 

bard’? W520 ee ee Se ee ee eee 79 565, 
Dolomite, light buff, cherty; in angular sand. ~--- = eee 130 695 


Decorah shale (15 feet thick; top, 65 feet above,sea level)— 

Sha’., bright green, fissile, fossiliferous; with dark gray, fossilif- 
erous, nonmagnesian pyritiferous limestone; log—‘‘slate and 
sligle” 2. 255. ko ek Ee ee 15 710 

Platteville limestone (46 feet thick; top, 50 feet above sea level)— 


Limestone, gray, earthy, compact, nonmagnesian___-----_-___-___-_- 5 715 
Limestone, brown, nonmagnesian, hard; in flaky chips_-__-___-___-__ 7 fp" 
Limestone, light gray, soit, \earthy22-2 oe eee 28 750 
Shale, blue, plastic, with some chips of brown limestone; in log 

“slate soft, blue’? (Glenwood shale of Iowa State Survey)_-------- 6 756 


Saint Peter sandstone (59 feet thick; top 4 feet above sea level)— 

Sandstone, clean, white; grains well rounded, moderately coarse, 
many having diameter of 1 millimeter or more--__----_-.---_---.- 59 815 

Continental deposits of time interval between Shakopee and Saini 
Peter (?) (241 feet thick; top, 55 feet below sea level)— 

Sandstone, fine, brick-red; considerable red argillaceous or ferric ad- 
mixture; when washed in hot water, drillings remain pink owing 
to films of ferric oxide on grains of quartz sand; grains rounded, 
many broken, said by driller to contain seams of red shale; in log! 

‘red sandstone” 2.5.) 24 ee 241 1,056 
Oneota dolomite (54 feet thick; top, 296 feet below sea level)— : 

Dolomite, light yellow-gray; with much dark red and dark brown 
hard fine-grained shale, some light green shale, a fine yellow 
quartz sand, a fragment of red fine-grained sandstone set with 
pieces of green shale; all except dolomite probably foreign, at 
NODC |. ceet De s e o a aa earee ee  ee 54 1,110 

“Shale, soft gray;’ of log; sample supposed to represent this 
stratum consists of sand grains of Saint Peter facies, but with an 
occasional grain showing secondary enlargement; rather fine, 

. with considerable foreign red and light green shale and some 
ehert and chips of dolomite___-----.-_-__.~.-----.------------==-==- 

Cambrian: 
Jordan sandstone (80 feet thick; 350 feet below sea level)— : 

“Sandstone, soft water; of log; sample said to represent this 
stratum consists for the most part of angular sand of light gray 
dolomite with some arenaceous admixture; a sample at 1,125 feet 
is of sandstone, some grains showing secondary enlargements, 





along with some chert and dolomite______----.-------__----.------- &0 1,190 . 

Saint Lawrence formation (198 feet thick; top, 430 feet below sea level)— : 
Dolomite, light yellow-gray —-~--.------.=--------+_--+--=-2==---<<=<-- 110 1,300 
Dolomite, purple-brown -.---.---------~-----+-----~---------~---<---=-.- 20 1,820 
Dolomite, light gray.) =. 242. < 22-2 ea se aoe a eee 68 1,388 


Dresbach sandstone (208 feet thick; top, 628 feet below sea level)— 
Sandstone, soft, white; grains well rounded, fairly uniform in size, 
largest 1 millimeter in. dlameter (=o ones tase ee ae eee 208 1,596 
Undifferentiated Cambrian strata (120 feet penetrated; top, 836 feet be- 
low sea level)— 
Sandstone; in buff sand with the appearance of dolomite to unaided 
eye, but seen under the microscope to consist of microscopic grains 
of crystalline quartz with dolomitic cement, along with some fine 
rounded grains of quartz sand and some glauconite at_----__-___}...--___-._._ 1,596 





oo ee 


UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT 497 


Record of strata in prospect hole at Maquoketa. 




















Thickness Depth 
Feet Feet 
Sandstone as above, with some gray shale_---.--_.-.-.-_-------_-._-.. 54 1,650 
Sandstone of same composition GS, BDOVES WGC seca no oe ae beeen 45 1,695 
Sandstone, fine-grained, light buff; in minute detached grains and 
in angular IDE PAB ODOV EG. ose on oo be eee ee tee nee en 5 1,700 
Sandstone, white, clean, fine; grains imperfectly rounded, most 
grains from 0.0075 to 0.01 inch in diameter; ‘‘quicksand”’ of log-_- 15 1,716 





In sinking a deep well at Maquoketa, it is expected that the 
drill will pass through the country rock (Niagaran dolomite) 
and discover the Maquoketa shale at 184 feet below the sur- 
‘face (about 500 feet above sea level). Some water will prob- 
- ably be found in the Niagaran and also in the dolomite beds 
generally present in the Maquoketa in this part of Iowa. About 
200 feet deeper the drill will enter the Galena dolomite, passing 
thence into the Decorah shale and the limestones and shales 
forming the Platteville limestone, and the yield should be aug- 
mented from these horizons. The Saint Peter sandstone should 
be reached about thirty-five feet below sea level, or about 720 
feet below the surface at the Chicago and North Western Rail- 
way station. 


For industrial enterprises, hotels, liveries, ete., the yield 
from these beds should be ample, but for a city supply the wells 
should be sunk about 1,200 feet, or to 500 feet below sea level, 
so as to secure the full yield of the Prairie du Chien stage and 
the Jordan sandstone, and may indeed profitably go to 800 or 
850 feet below sea level to tap the Dresbach sandstone. The 
limit of 1,500 or 1,600 feet from the surface need not be ex- 
ceeded, as at about this depth the drill should pass into close- 
grained dry sandstones or marls underlying the Dresbach. 

A flowing well with a head of about twenty feet is indicated, 
but is not assured, and to secure the best results the yield should 
be increased by the use, sooner or later, of deep cylinder pumps 
or air compressors. 


At Bellevue the base of the Maquoketa shale is 617 feet above 
sea level, and a deep well drilled there will pass through about 


350 feet of Galena dolomite, Decorah shale, and Platteville 
32 
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limestone before reaching the Saint Peter sandstone. Water 
from the dolomite and limestone will probably flow, but in in- 
sufficient quantity. The Saint Peter should afford water in 
moderate quantity, but it is recommended that the drill should 
probe also the the lower-lying creviced and sandy dolomites and 
sandstones, all water bearing, to a depth of 850 to 950 feet from 
the surface. This will give a flow of the purest water in quan- 
tity beyond all present needs iof the town under a pressure at 
first adequate for fire protection. The well should be situated 
some rods back from the river front so as to avoid the old 
channel of the river filled deeply with alluvial.sands and gravel 
and so as to encounter within a few feet the Galena dolomite. 
As the town is situated on a sand-covered rock bench, the well 
should be so located and so carefully cased as to reduce the 
danger of surface contamination to a minimum. , 

Miles.—At Miles (population, 334) water is obtained from 
drilled wells ranging in depth from fifty to ninety feet and 
entering rock at twelve feet. 

Monmouth.—At Monmouth (population, 221) wells, dug and 
drilled, range in depth from 16 to 100 feet. These wells reach 
rock twenty-five feet below the surface. Water stands ten to 
twenty feet below the curb. 

Nashville-—At Nashville wells are 40 to 50 feet deep, and the 
water level is 20 to 30 feet below the curb. 

Preston.—At Preston (population, 642) the water-supply sys- 
tem is owned by a private corporation. Water igs obtained from 
a well 108 feet deep and six inches in diameter, entering rock 
at 100 feet, and yielding from a vein in rock seventy-five gal- 
lons a minute. The well is located on a hill ninety feet above 
the level of the business street, and the water heads sixty to 
eighty feet below the curb. 

Water is distributed from a tank with a capacity of 70,000 
gallons under a domestic pressure of fifty pounds. The fire 
pressure is seventy-five pounds. There are one and one-half 
miles of mains, ten fire hydrants, and 150 taps. The consump- 
tion is 30,000 gallons daily. 

Sabula.—The water supply of Sabula (population, 918) is 
drawn from one of the finest artesian wells in the state. (See 






















_ UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT 499 


. 1X.) The water is pumped directly through three miles of 
under a domestic pressure of twenty-eight pounds, and 
pounds for fires. There are twenty-eight fire hydrants 
bout 400 taps. 

s well is 973 feet deep, eight. to six inches in diameter, 
s cased to 173 feet (rubber packed). The curb is 582 feet 
sea level. The original head was seventy-four feet above 
in 1905 it was forty-one feet above curb. The original 
was 720 gallons a minute. Water was obtained at 400 feet 
int Peter sandstone), at 525 feet, and at 700 feet (Prairie 
| Chien stage); total discharge at this depth, 350 gallons a 
inute; the strongest vein was struck at 950 feet (Cambrian). 
emperature, 59° F. Drilling was completed in 1895 by J. P. 
ier & Company of Chicago. 

With the original pressure of thirty-two pounds, the well 
lished fire protection, as well as a superabundant water sup- 
With the diminution of pressure to eighteen pounds, 
(1904, it was found necessary to install a 32-horse power 
ine engine and triplex pump, which are used only in case 
e. In 1908 the pumping capacity was reported at 500 to 
gallons a minute. 


1 ee ae : Y a's 
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Record of strata in city well at Sabula (Pl. IX). 











| Thickness | Depth 








Feet Feet 
Quaternary (163 feet thick; top, 582 feet above sea level): 
Sand, alluvial; in ancient channel of Mississippi river-------------------- 163 163 
Ordovician: fi ee 
Galena dolomite to Platteville limestone (262 feet thick; top, 419 feet 
above sea level)— 
Dolomite, hard, rough, erystalline, buff and gray; some vesicular, 
10) SRMPIES ~ oo oe pea eee e ee ee ea Oe ee 212 875 
Sandstone, argillo-caleareous; drillings consist of light green-gray 
powder, with fragments of dark gray sandstone; calciferous; 
grains not so well rounded and uniform in size as is common with 
the Saint. Peter’ <s-=22.22) 22 S38) 2 ee eee 25 400 
Shale, green, fissile, arenaceous, slightly caleareous__---_--------__ 25 425 
Saint Peter sandstone (25 feet thick; top, 157 feet above sea level)— 
Sandstone, grains moderately fine, rounded, and ground; a large 
proportion of drillings consists of angular chips of gray dolomite; 
mueh green shale, probably from the superior shale______--______- 25 450 
Prairie du Chien stage (325 feet thick; top, 132 feet above sea level)— 
Shakopee dolomite— 
Dolomite, medium dark gray; in angular fragments, clean ex- 
cept for a few pieces) of green shale... eee 15 465 
Dolomite, highly arenaceous; drillings consist of rounded grains 
of quartz and minute angular fragments of dolomite, in some 





of the larger of which quartz sand is embedded_-_-------_____ 10 475 
Dolomite, gray and light brown; drillings contain sand, prob- 
ably from :aboves <2 samples (22:2 2 sot a ee eee 35 510 
Dolomite, light: brown, arenaceous. 22.202 eee eee 15 525 
Dolomite, gray and’ buff; 3 samplessa.2. 5 ee 50 > 575 
New Richmond sandstone— 
Sandstone, argillaceous and caleiferous_.-__..--.....-.-......._ 95 600 
Oneota dolomite— 
Chert; in fine white powder, calciferous; 2 samples___-_____-___-_ 50 650 
Dolomite, gray; \cherty 2.0.) eee eee $0 740 
Dolomite, white, highly arenaceous, and cherty_-----.-------_-_- 10 750 
Dolomite, white, cherty, slightly arenaceous___-.---__--------_-__ 25 T75 


Cambrian: 
Jordan sandstone and underlying Cambrian (198 feet penetrated; top, 
193 feet below sea level)— 
Sandstone, white, calciferous, cherty; grains of sand, mostly frag- 
mental, but) many roundeds)3 samples Sols. -2 eos cee eee 85 810 
serra hg cuttings washed away; reported by drillers to be no 
change 








UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT 


WELL DATA. 


501 


Information concerning typical wells in Jackson county is 
presented in the following table: 


Typical wells in Jackson County. 

















Location 





Owner 
T. SAN., R.1E. 
(Monmouth). 

> Volker-_.------|NW. 4 NE. 4 
sec. 20 | 

J. H. Sokol_-..--|NW. 4 NW. i 
sec. 21 

eS eee NW. i NE. 2 
sec. 21 

Brown ---.-------|NW. 3% sec. 2- 

oS ee 

lo Se NW. 3 SE. 3 
sec. 19 


John Wood ------|NE. 3 NE. 3% 


sec. 30. 
aatane ns paces ---15H, & sec. 2. 
ee NW. 3 NW. 3 

sec. 82. 
Amanda Littell --|NW. 3 see. 25. 
Mharies sions =---|See, 31 —.... 
Schoolhouse ----- Baldwin --....- 
Baldwin ----------|Near railway-. 

Station, 
i) a Nashville ----. 
Ee Millrock ~--... 


Sw. 4 see. 23- 


Will Campbell ---|SW. 4 NW. 3% 


sec. 12, 
Weer Glapp----- NE. 3 NE. 3 
sec. 28. 
Graywich --~------ NE. 3 SW. 2 
sec. 28. 


PaaoeN., xe, 1 1. 
» (Brandon). 


William Miller_...|SE. % SW. 3 
sec. 31, 


CEIOONN = ae. a is. 
(Butler). 


D. 





Depth 


Feet 


FNP 
1%8 


€9 


244 


Depth to rock 


Depth] to 
waterbed 


Head below 
eurb 


Remarks: 
(Log given in feet) 





Feet 





61 





eee 











Gravel=2-c+ 


Limestone- 


S20 GOs =. 
ee UOncane 


Sand -_____ 


Niagaran__ 
dolomite. 
on OO 


Porous 
limestone. 


| 
a 
[3°] 
cr 


ween mens 





Red sand and 
gravel on rock. 
Bear creek; ends in 
gravel. ‘ 
Loess, 20; yellow 
till, 20; Niagaran 
dolomite, 80. 
Olay to rock. 
High ground. 
Flint from 153 
feet to bottom. 
Low ground. 
Black soil, 8} 
blue clay, 31; 
sand, 3 
High ground. 


Bluff. Water in 
porous rock. 
Upland. 


Valley. 

Maquoketa 
at 240 feet. 

Hill. 

Bear creek 
toms. 

Ai-sand and grav- 
el. 

Rise above creek 
bottoms. 

Creek bottoms, 60 
rods from creek. 

Hollow; mostly 
yellow clay to 
rock, 

Soil, 10; black 
quicksand, 80. 

Creek. 


shale 


bot- 


|Valley. Black soil, 
10; fine white 
sand, 51. 


Bluff. Gravelly red 
clay (till), 5383 
limestone, 191. 

Loess, 2; till, 10; 
gravel 10 to rock. 
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Typical wells in Jackson County—Continued. 
| 4 | ) 
v 
s | 3s B 
; ° ete Source Be emarks: 
mer oecation ~ +4 : rely 
Owner es be s BS aaduis 38 (Log given in feet) 
a e AE | Ss 
A ~ a 
Feet Feet Feet Feet 
7], 84 .N., RK. 2 Lb. 
(Souto Fork). | 
H. B. Griffen ---| SE. 4 SW. 4 124 40 120 | Niagaran 78 |High hill. 
sec. 30. dolomite. 
W. G. Marster----|S. 4 NW. 3 185 | esl ben awene|| 2 ee East side of deep 
sec. 13. ravine; rock at 
surface. 
D. Stevens.---.---- NE. 3 NE. 3 76 Gi jc ss Sl pee enecuen = RA EEE 
sec. 31 | 
Hemming: ..2--2s=4 Maquoketa, 185 50 Jencenen-| oponneiucecalatn seen Sad eae Dey 
west side. | clay, 50 feet; 
limestone, 85 
feet. 
pee = Sw. 3 SE. 3 240 ies ee te lana sees | Gravelicis ie Drift, mostly blue 
sec. 32. j till, 200; quick- 
| sand, 40; ends in 
gravel. 
one -- —- = === --~ SiViers a: bt 206 We cone ae leat OF eer eee Ends in gravel. 
sec. 382. | 
W alker:oaa-2-cense SW. 1 SW. 3 940 ieee lees ee wn= dO |=. sean2 POLLO ueselay 
sec. 29. | and eigen a 
Mi ends in gravel. 
Richard Elwood --) sp. 3 NE. 3 190} ee cosinenat 3.45 0 cee eee Ends in gravel. 
sec, 33. 
W. P. Dunlap----| sp. 3 SE. 4 902 ee ee ~.-. GO <-.u| 5282) Bluest ee eray 
sec. 35. | el, 7; blue till, 1. 
Chapman -------- Sk. 4 SE. 3 85 40" Pee ..------|Level land. 
sec, 35. 
pan n------=2-------- NE. 3 SE. 3 82 87) So el eee 
- sec. 36. 
Wilson ----------- See." 11°2.. = ae g8 80 |-------- 
JT, 8t N., R. 6 EH. 
(Van Buren). | 
Knack ------------ Sw. 4 NW. 3 100 10 | On shale .-|...___-_ 
sec. .25. 
Peter Kuhl ------- NF. 3 NE. 3 190 £00 Beets Les So eal ee A ..-----.|Drift, 40; Niagaran 
sec, 12. | dolomite, 85; Ni- 
agaran dolomite, 
gray cherty, 60; 
Maquoketa shale 
Be ; 
Prussi@ey.-eees S. & NW. i 225 $0 [ks ease tite ees 125 |Drift, 80 feet; Ni- 
} sec. 14. agaran - dolo- 
mite, 195 feet. 
FL. Gost iz-aokassn- Sw. 4 SW. 3 175 PAN peer | Limestone-|_-.-._..|faquoketa shale 
sec. 4. | not struck. 
id Saini be ee NE. 32 SW. 2 175 40 eee 2 ee |) eee oe Maquoketa shale 
sec. 35. | at 170 feet. 
R06 st seasons we NE. 3 SE. 3 170 AO eee les On shale___|.-------|Maquoketa shale 
sec. 16. at 170 feet. 
pee) SW. 2 /Sh.d 125 1th | See | acc mc en enan | scone na StOU Ys IG aeeLEINs 
sec. 15. 40; Niagaran do- 
lomite, 85. On 
rise rom _ bot- 
toms, 
o------------------- NW. 3 SW 202 40 |__.---..| Limestone_|...--_-|Yellow clay, 20; 
sec. 16 blue clay, 20; 
limestone. 162. 
E. A. Clausen--.-| See. 2 -..-.--. 230 Seite es | Son petone ss eee Drift, 36; Niagaran 
dolomite to shale 









































at bottom, 194. 











Location 


if 

PNeR. bE. 
of Washing- 

ton). 


ar Schultz -../.NE. 3 SW. 3 


sec. 25. 


sec. 32. 


ee) Green Island. 


64 N., in. 6° E. 
(Iowa). 


sec. 34. 


sec. 82. 


eee aoe SW. 4 SW. 3 


sec. 19. 


see, 24, 


, Hunderad_-|See, 35 
wtord ee. 8 


sec. 23. 


ers Creek). 
mee Dutton__-|See. 30 


9 Willison_._|Sec, 18 


limits of 
Bellevue 


Best is. 4 sw. 4 





‘ a NE. 4 SW. 4 


--ee---- 


Bets ISE. 3 F 


Sagers____. Sw. ‘ 
‘Dutton_-__|See, x foe 

‘Hutt_____- ete 5s, 
Burrows. |Sec. 20 __---___ 
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Typical wells in Jackson County—Concluded. 








w--------------|NE. 4 NE. % |500-600 




















a = 
ae ie 2 
° as Epes oe Remarks: 

ce 3 os supply 38 (Log given in feet) 

Shes i ae 4 

A A 

Feet | Feet | Feet Feet 

22D el eeeenen | seeese i) OTAVGl=a-.cisa. oa. Mostly gritty blue 
clay; ends in 

- } RTAvVel i 

O02 Se oases ee OLS 60 |Goose Lake Chan- 
nel. Black soil, 
10; hard, gritty 
blue clay, 30; 
quicksand, 40; 
gravel, 10. Old 
forest bed at 30. 

DOO ees a a ee eee a eee oo Oana A act ates a Bottoms. Soft blue 
clay, 50; dirty 
yellow clay, 20; 
gritty blue clay, 
passing into 

« gravel, 130. 
Beate heroes Galena do-|.-...... High ridge; 150 feet 
lomite. to Maquoketa 
shale. 

125 BOGhicoet ose W LAMestones|s22 22... 

190 OM Snes ee pce 0 (0 [ae ee 

344 40 820 | Galena |..--.--_|About 820 feet 

: limestone. above sea level. 
Drift, 40; Niaga- 
ran dolomite, 
154; Maquoketa 
shale, 120; Ga- 

| lena dolomite,30. 

450 EVE aed oF Ol ess eas 

673 Ae See, S2ee ee ela eoce | renow, clay, . 20; 
blue clay, 20; 
limestone, 110; 
~shale, 222; Ga- 
lena dolomite, 
301. 

SOs eee. eer | Gravel--2..|2----s-.'On rise from 

! ereek., Yellow 
clay, 25; hard- 
pan, 50; gravel, 

236 60 200 | ----------- 146 

136 12 114 | Limestone. 14 

240 90| 180 { ----do-.-.| 150 

180 26 150 | ----do----) 100 

1:0 36 TOR eeres AO teat 68 

186 28 150) pate GOs oo. 150 

217 pla I ae Da) Be eee ae 102 

223 J00 eee SS ccewecean—ea|=sece- Moen guicksand. 

; ; 

106 96 |_....___| Limestone_|___..-__|A large amount of 
sand and gravel 
beneath loess. 

100 50. |..--.....| Limestone, }.....-.. Terrace in Mill 

Galena. creek valley. 
42s ey) Grayel.-27\-..-..-.|Loess:eapped. — ter- 
race 90 feet 


above Mississippi. 
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JOHNSON COUNTY 





BY A. 0. THOMAS. 


TOPOGRAPHY. 


The surface of Johnson county is chiefly of the prairie type- 
Along the principal streams are belts of rather heavy native 
timber, much of which is being rapidly cut away. 

Because of the location of the territorial capital at Iowa City, 
Johnson county was one of the earliest west of those bordering 
' Mississippi river to be settled. Its pioneers found an abund- 
ant supply of water in the main streams and their tributaries 
and in shallow open wells, but as population increased more re- 
liable sources of supply, free from contamination and from pos- 
sible exhaustion during times of drought, had to be sought. 
Now drilled wells pumped by windmills or gasoline engines are 
a part of the equipment of each up-to-date farm. 

Far more than half of the county is covered by Kansan drift, 
which is extensively overlain by loess, although in some areas 
along Old Mans creek, the loess is so thin that the preloessial 
topography may still be recognized. Except for the broad al- 
luvial flood plain of Iowa river, which intersects it in a north 
and south direction, the southern half of the county is charac- 
teristically Kansan. The ridges and divides are much dissected, 
as a rule narrow, and in many places loess-covered. 

Several lobes of the Iowan drift sheet cross the northern part 
of the county. These lobes are characterized by bowlder-strewn 
fields and rich black loam which covers in a general way the 
entire surface of the drift. The freshness of the light-colored 
bowlders, the incomplete drainage, and the comparatively level 
surface, free from loess, present a marked contrast to the 
rougher and much-eroded Kansan drift. One lobe of Iowan 
drift crosses the eastern part of the northern boundary of the 
county and trends southeastwardly to Solon. Its level plains 
are well developed just north cf that town. A second and larger 
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lobe comes down to and a little beyond the village of North 
Liberty, covers Monroe and parts of Jefferson, Oxford, Madi- 
son and Penn townships. It is crossed in an east-west direction 
by Iowa river whose broad flood plain blends into the drift 
plain on the south. The limits of these lobes are not yet 
definitely determined along their entire length. Their terminal 
moraines, though high and prominent in many places, are in 
others very indefinite, due to some extent to post-Iowan erosion. 

A broad alluvial plain has been developed along Iowa river 
from the point where it enters the county to section 22, Madi- 
son township, where it flows into a narrow, rock-walled, tortuous 
channel from which it emerges near Iowa City after winding 
about for more than twenty miles. Here it again enters a broad 
valley with extensive flood plains, which continue until it has 
passed out of the county. A flood plain about two miles wide 
and six to eight miles long extends along Cedar river in Cedar 
township. . 

The larger tributaries of Iowa river, like Old Mans, Clear, 
and Rapid creeks, have developed alluvial flood plains of some 
extent, especially in that part of their valleys nearest the Iowa. 
That of Old Mans creek is ‘*« most extensive, being eighteen to 
twenty miles long and from nalf.a mile to a mile or more in 
width. 

Study of the course of Iowa river through the county shows 
that a preglacial channel must have existed between the east 
end of its northern flood plain and the north end of its south- 
ern flood plain, for the present course between these two points 
is neither the most direct nor the most easily constructed Well 
records are, however, too meager to afford data from which to 
project the valley of this ancient stream. It is certain that the 
buried channel affects the water supply of the area under which 
it lies, and it is to be hoped that future borings will clearly 
establish its approximate limits. 


1Calvin, Samuel, Ann. Report, Iowa Geol. Survey, vol. 7, p. 48. 
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GEOLOGY. 


Indurated rocks are exposed only in the northern and north- 
eastern parts of Johnson county. The rocks dip to the south- 
west (Pl. XV), a fact of special interest to the well driller, 
for he must drill through a greater thickness of rock in the 
southwestern part of the county than in the northeastern part 
when seeking one of the deep-seated aquifers like the Saint 
Peter sandstone. The character and kind of rocks which under- 
lie the drift in the southern part of the county are indicated by 
such rock exposures as those along English river in the north- 
ern part of Washington county. 

Silurian rocks (Niagaran dolomite) are typically exposed 
along Cedar river in the northeastern part of the county. South- 
westerly from this Silurian outcrop the lower beds of the Mid- 
dle Devonian appear at Solon and elsewhere. 

Rocks of Carboniferous age are exposed in only a few small 
outhers belonging to the Des Moines stage (Pennsylvanian). 
The largest of these outliers is a body of coarse-grained sand- 
stone in the southern part of Monroe township just north of 
Iowa river and extending westward into Iowa county. Another 
is located immediately north of Iowa City and oceupies an old 
deep pre-Carboniferous valley whose course runs at a wide 
angle to that of the present Iowa river valley and whose bot- 
tom is sixty feet or more below the bottom of the latter. 

- The drift of the southern part of the county is probably un- 
derlain by the Kinderhook stage (Mississippian) of the Carbon- 
iferous. No record of well borings encountering these rocks 
has been obtained, but they doubtless have been reached by drill- 
ers in southern Washington and Sharon townships. Intergla- 
cial sands and gravels known as the Aftonian gravel and the Bu- 
chanan gravel are widely distributed, the former beneath the 
Kansan drift and the latter above the Kansan, and form aqui- 
fers of considerable importance in the county as a whole. 


~ 


— 
7 

Ny eis 
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UNDERGROUND WATER, 
SOURCES. 


The exceedingly rough preglacial topography of Johnson 
county precludes expectation of finding extensive well-defined 
water-bearing formations in the drift deposits, which range in 
thickness in different parts of the county from an exceedingly 
attenuated layer to a deposit measuring 300 feet. Nevertheless, 
the most constant aquifer of the drift is the bed of sand and 
gravel (Aftonian) that underlies the stiff blue clay beds of the 
Kansan drift. Most of the deeper wells of the county derive 
their supply from this stratum, though well drillers frequently 

report failure to obtain water in it and are obliged to try else- 
where or go deeper. Locally, however, the sand and gravel 
bed is absent and the drill passes directly from the Kansan clay 
to the hard rock. In the southern and southwestern townships 
of the county, in parts of Madison and Jefferson townships, and 
elsewhere in the areas covered by the Iowan drift sheet, these 
sands and gravels (Aftonian and Buchanan) yield a fairly 
abundant supply of good water to wells ranging in depths from 
50 to 250 feet. In areas in which the drift is thin and the coun- 
try rock lies close to the surface, most of the wells penetrate 
rock to some distance and obtain water either in a rock crevice 
or in a gritty layer which does not seem to lie at any regular 
horizon. The expense of sinking wells in these areas is usually 
greater than in the areas of deep drift and the possibility of. 
failure is greater. The wells along Iowa river west and north 
of Iowa City are mainly of this type. Another area of this 
sort is in the vicinity of Solon, where the country rock comes 
almost to the surface; the town well of Solon, for example, 
strikes rock at a depth of seven feet. 
In the alluvial flood plaing of the principal streams, an abund- 
ant supply of water is obtained cheaply by shallow dug wells 
eurbed with cheap lumber, or by ‘‘sand points’’ driven into the 
earth to a depth of fifteen to 25 feet and attached to hand 
pumps. ‘‘Drive wells’? are abundant along Iowa river in Lib- 
erty and Lucas townships and in the valley of Clear creek in 


iy. ~ 
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Clear Creek township. 

In the northeast part of Lucas township the wells average 
100 feet and obtain water in the gravel above the rock. 

Hundreds of shallow wells on the farms of every community, 
which are being slowly supplanted by deeper drilled wells, draw 
principally from the ground water below ground-water level, 
though some of them are filled by the surface run-off, for which 
they act as catch basins. 


CITY AND VILLAGE SUPPLIES. 


Coralville—The water supply of Coralville (population, 151) 
is taken from shallow wells fifteen to thirty feet deep. 

Hills —The water supply of Hills (population, 195) is all 
from shallow wells. Many of them are ‘‘driven wells’’ and 
these obviously furnish a purer supply than that of the shallow 
open wells. 


Iowa City—In Iowa City (population, 10,091) water for the 
city mains is pumped from the river to a large standpipe on an 
eminence in the,north part of the city. River water is unfit for 
drinking unless it is boiled. When the city was visited the 
water company was installing a filter plant said to be capable 
of filtering all the water needed. 

The homes on the west side of the river obtain satisfactory 
water from wells sunk into the limestone. Some of the wells are 
open but most of them are drilled. Many shallow wells, twenty 
to fifty feet deep, are still in use. 

An artesian forecast by Norton is of interest in view of the 
probability that sooner or later one or more deep wells will be — 
drilled for artesian water for the city or for the State Uni- 
versity. _ 

The bedrock here is the Cedar Valley limestone (Middle De- 
vonian). After passing through this formation the drill will 
enter the Wapsipinicon limestone (also Middle Devonian), 
which is characterized by brecciated beds, shaly and cherty lay- 
ers, fine-grained and thin-bedded limestones, and magnesian 
limestones, which overlie the hard Silurian dolomites 
(Niagaran). In both the Devonian and Silurian formations 
water will probably be found in crevices and porous layers. If 


aa 
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the head of these waters is higher than that of the main flows to 
be reached farther down, they may be allowed to enter the drill 
hole and thus augment that of the deeper flows; but if their 
head is less they should be cased out to prevent the escape of 
the deeper water through their channels. Che drill will pass 
from Silurian rocks into a dry Ordovician shale, the Maquoketa, 
probably more than 200 feet in thickness, which should be cased 
to prevent caving. The Galena and Platteville limestones, which 
lie beneath the Maquoketa, contain large stores of water in ir- 
regular channels, crevices, or porous beds, but no assurance can 
be given that the drill will strike one of the waterways. The 
head of any inflows from these limestones should be tested and 
their waters analyzed for comparison with those of the main 
water horizons underneath. 

After passing through the basal shale of the Platteville, which 
will need casing, the drill will enter the Saint Peter sandstone 
at 1,000 to 1,050 feet below the surface (350 to 400 feet below 
sea level). A good yield is assured although exact estimates can 
not be made, as the sandstone varies in thickness and also to 
some extent in size of grains and porosity. It is not at all prob- 
able that the water obtained thus far will be sufficient to meet 
any large demands. The well should be drilled 500 or 600 feet 
deeper, or to 1,650 feet below the surface, in order to tap the 
large stores of water carried by the dolomites and interbedded 
sandstone of the Prairie du Chien stage, and especially by the 
subjacent Jordan sandstone (Cambrian). The drill should stop 
at the heavy glauconiferous shales and marls of the Saint Law- 
rence formation, the next terrane in descending order. 

A flow may be confidently expected and while estimates of 
head are notoriously uncertain, it may be said that the head 
may reach fifty feet above the river. 

A single well will yield a supply sufficient for such university 
use as a gymnasium, but for a city supply more wells should be 
sunk and the installation of an air compressor to increase the 
yield will be probably found advantageous, as at Waterloo, al- 
though the natural pressure of a well at Iowa City may be ex- 
pected to considerably exceed that of one at Waterloo. 

In choosing a location for city or university wells, the possi- 
bility of contamination from ground water through leaky or 
defective casings should be considered, and upvalley sites, other 
things being equal, should be given preference. Too much care 
oe not be taken to exclude absolutely all soil and subsoil wa- 
ers. 





510 ‘UNDERGROUND WATER RESOURCES OF IOWA. 


-Lone Tree.—The town of Lone Tree (population, 782) has 
one of the best public water-supply systems in the county. A 
drilled well, 130 feet deep, penetrates, beneath deep drift, a 
gravel bed (possibly Aftonian) .from which an abundant supply 
of pure water is obtained. A gasoline engine furnishes the 
power for pumping. 


North Liberty—The village of North Liberty (population, 
200) has no public water supply. The shallow wells are twelve 
to thirty feet deep, the rise of water in them depending on the 
season. The village greatly needs a drilled well, especially be- 
cause it is located on nearly level, poorly drained land, and the 
water in its shallow wells is within a few feet of the darters for 
the greater part of the year. . 


Oakdale: Sanitarium.—Oakdale Sanitarium is an institution 
maintained by the state for the treatment of incipient cases of 
consumption. It is located in section 25, Clear Creek township. 
As a large well-stocked farm is part of the general equipment 
a considerable supply of water is needed for domestie and other 
purposes. In the summer of 1909, a three-inch well was sunk 
us 360 feet, at which depth water was obtained in a layer of 

‘foritty shale,’? which underlies about 250 feet of limestone. The 
water rises in this well within 100 feet of the surface and is of 
excellent quality. 

An artesian forecast made ie W. H. Norton, in 1906, when 
the question of good water was a factor in the location of the 
sanitarium, predicted that the Saint Peter sandstone would be 
reached at a depth of 300 to 400 feet below sea level and that 
this formation, with other water-bearing beds higher up, would 
furnish a supply sufficient for the institution, reckoned at 30,000 
gallons a day. To obtain a larger supply it was recommended — 
that the well be sunk into the Jordan sandstone, here prob- 
ably about 700 feet below sea level. 


Oxford.—At Oxford (population, 614) the water supply sys- 
tem is owned by the town. Water is pumped from a shallow 
well not fifty feet deep and is distributed from a standpipe. 
Many shallow wells twenty to forty feet deep, are in use over 
the town. 


wore See sk ee ere * 
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. 
s ma the le at Solon eerie 450) is abundantly 


_ Shueyville—The town of Shueyville (population, 100) has 
public supply, the people depending mainly on shallow wells. 


deep would develop an adequate supply. 


wisher—The water supply of Swisher (population, 40) is 
obtained from shallow wells fifteen to twenty feet deep. 


Be, we 


Typical weils of Johnson Vouwnty. 









































6 aid 
o 
= Sage | 
Owner ss g ae, ( Remarks: 
( 3 z = aaah (Log given in feet) 
3) ry 2 ~ 
° o o 
H =) A 
See Feet | Feet ; ; 
R. 7 W. | 
Gettersén; part of ‘i 
RIES fons 2 art 13 74 18 |Rock -----| Yellow sandy clay, 18 feet; very hard 
, rock. 
Becicka -..-.--- 13 77 77 |Gravel ----; Hill. Yellow clay, 20; the rest blue 
mal? clay; gravel bed thin. 
3h) (ie 14 210 70 |Rock _-----! Yellow clay, 20; blue clay, 50. 
Herdlieka is 27 156 24 |Sioit rock__! High ridge above river; rock hard and 
bedded except the last 7 or 8 feet. 
tam Roberts —- 28 70 |_....---|Gravel ---| Gravel bed thin. 
N.. 6 j 
Grove; part of 
At ae 25 282 60 |Soft rock_| First water at 130, but flow not good. 
i + 158 Ae OCK eee A log struck at 60; loam, yellow clay, 
: | blue clay; thin layer of sand on rock. 
81N., R.5 W 
“(Cedar). 
A. Henick-_-_--- 17 2385 Nore }Sand e222 Yellow saridy clay; blue to 145; yellow 
rock F sandy clay to 200; sand. Well 35 feet 
ee F in this sand. 
W. Verba 2S 6 160 132 |Rock -....-| Reddish clay, 20; blue clay, yellow 
: i: sandy clay, and red clay; 2 of black 
soil at 120; brownish clay and yellow 





clay to rock. 
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Typical, wells of Johnson County—Continued. 


UNDERGROUND WATER RESOURCES OF IOWA. 





. 








Remarks: 
(Logs given in feet) 
































blue clay; no sand above rock. 
Same as last, but sand bed thick. 
Yellow clay; blue clay; water in sand. 
No sand at bottom of mantle rock; 
compare Hoover’s well. 
blue . clay; 
thin but coarse-grained. 
High ridge; no water in drift; the sup- 
ply comes from a crevice in the rock. 
Usual drift, underlain by sand. 

Drive well;. many of this type in neigh- 


gravel bed 


| Water just above rock. 


High knoll; no water in drift; rock 
hard; water band “gritty.” 

Very similar to Bowman well. 

Water at bottom of drift in thin anne 


Yellow clay; blue clay; raul 


Yellow clay; blue clay; no gravel; wate! 
in “ereviee’’ in rock. 

in shaly rock, beneath very 
hard rock; unsatisfactory water bed 


Yellow clay; blue clay; gravel. 


Yellow clay, about 60; blue clay, over 
100; little or no gravel. 


Similar to the county farm well. 

Drift very similar to the preceding, but 
no gravel; three trials to find water at 
top of rock failed; water bed is shaly 
brownish red sandstone or gritty lime- 


Sand bed thin; the well became dry in 
a few months. 

Yellow and blue clays; thin bed of 
sand: rock well bedded; the drill drop- 
ped into a erevice at the bottom and 
well yields an abundance of water. 
Similar to Evan Williams well, but with 
shale below the gritty limestone. 
Yellow and blue clays. 

This well is located in a hollow. 
Yellow clay, about 60; blue clay to 120; 
the water seems to run in a “vein’ in 
the sand. . 
Yellow and blue clays. 

Yellow clay, about 20; blue clay, over 
70. 


| ey 
S | 
Source 
Owner 5 S of 
= FI FI supply 
o ry a 
} o a) 
es aa) A 
Sec. Feet Feet 
T1800 NG 5. de 7. Wie 
(Parts ‘of Madison, 
Clear Creek and * 
Penn.) s 
George Hoover ------ 10 262 142 |Rock 
i Rinitiger”2 2. o__2 10 Wie, aond leks fog 
Me Sie Snavelyosc5 2. ” ih itn | eee Soe ee ee 
J. ©, Bowman_--_--_- 15 312 320 |Rock _..- 
J. D. Colony_-------- 19 {4d}. ven Grevel _.--| Yellow clay; 
Re ME es 27 | 218). 100 }Rock 2.2 
wdw. Oraig: 2.22.2 27 65 (ate ee Sand ... 2 
Walter Oox ote ese 36 BO a eel 46°22 
Charles E. Colony---- 24 100; |Demeeee es Sige eo oreo. 
Mee SON. 5 ck t6 Wie | 
(Parts of Penn and! | 
Newport). 
Martha Bowman ~---- | 19 288 / 98 |Rock —--.- 
Samuel Green -.--...- } 18 800 330 (ee rOO. eee 
DO: 232 4-sp hope eee | 18 140) |s See Sand 22> 
Jos. Hemphill 222222 31 A2Z6 see eee \Gravel ---- 
James Hotka ----..-- 23 10S: eae Sard’) oles 
T580UNs, Repo we 
(Graham; part of! 
Newport). } 
Jo d., DVOTskys2-s2= | 18 62 57 (ROCK Vo 5 -om 
} 
vames J. Kratos. 18 217 £00 Ses aS eee a ber 
at 100. 
M. EF. Dvorsky---_---- 19 110: Se Graveli2-2- 
79" Nee eae 
(Union: part of | 
Clear Creek). 
County Farm 2 13 172 168 'Rock ..22 
Dot 2 Cees 13 174 166022" CO seas 
Mrs. H. Schnarre___-- | 12 A c)h) Ee See Sang pa es 
Evan Williams -------| hi 818 172 |\Sandy rock 
| 
stone. 
fee) Williams; 220222202. a! 10a 28 sand) bose 
| 
DO esate sets 11 282 174 |Roetk =... 
John Hradek --..------ 10 340 100 |Shale -_--- 
Geo. Wicks _....-..-. 10 Sand ... --. 
wit Ren Breese oe 22 17: 3300) eases 
Ghas+s Rohner eee ss 20 So Onerece 
JOWO alo VG sence se aes 24 TBO Ro ces 00) £2.22 
ES DY. Davis jas 22 I oe eee sa.1G) anes 
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ad 
oO 
® Ss 
ource 
& aS of 
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or Typical wells in Johnson County—Continued. 





Remarks: 
(Logs given in feet) 


Yellow and blue clays; water on top of 
rock. 

On top of rock. 

On lower ground than the preceding. 


No water; driller gave it up. 

Yellow clay, 30 to 40; blue clay, 200; 
sand; tough clay to the rock, which is 
quite hard down to the limy shale. 


Water bed loose sand, into which the 
drill sank for some distance by own 
weight. 

Yellow and blue clays. 


Rock hard and well bedded. 

Yellow clay, 40; a little gravel; ‘“‘bird’s- 
eye” limestone, 40; blue Hulestne, 
over 60; water in a crevice. 

Yellow clay, 40; blue clay, over 150; no 
gravel. 

Yellow clay, 20; blue clay, 35; coarse 
gravel to rock. 

Residual material, mostly loess with 
some gravel below; water in “honey- 
combed” shale. 

Yellow and blue clays; no gravel; water 
bed on the rather friable rock. 

Clays as in the last, but the gravel is 
10 to 15 feet thick. 

Compare with Byington well. 

Yellow clay, 30; blue clay, about 100; 
fine sand; coarser sand. 

Yellow clay: blue clay; gravel. 

Yellow clay; blue clay; water on top of 
rock in gravel. 


On top of rock. 


| , 

“Drive well’ along a creek. 

Yellow clay, 20 to 30; blue clay, over 
150; thick sand. 


All on same ridge, not over three- 
fourths of a mile apart. 


No water in gravel above rock; water 
bed rather shaly. 

Similar to last. 

Dug well; near river. 

“Drive well. vi 

Not enough water on top of rock. 
Yellow clay; blue clay; thin gravel. 
Plenty of water. 

Low part of the farm. 

Hill. 

4-inch well; abundant water; 
clay, 20; blue clay, 37. 


yellow 


Water in a shaly rock. 
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Typical Wells in Johnson County—Concluded 
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Sec. | Feet Feet 
Bimen Buck yaos-2 2c .2 19 OO eee Sand ----- 
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rank word {22-2 20 220 200 |Rock ....-| “ > 
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Edw. Greer _-- 84 260 240 |Soft rock--| No sand above rock. 
Benj.) eries Lee 21 260 | 216 |Rock ----- Soil and yellow clay, 36; blue clay, 180; 
} no sand; limestone, 16; yellowish clay, 
| 8; bard rock, 20, to water. 
Geo. Bothel -------..- 84 232 | 2o2 |Sand *2.-2| vele™, an¢ blue clays; the water in 
: | sand. 
Jos. Krellek ... .222 | 85 104 |S O2S dor ceee | “Quicksand ” below blue clay. 
Chicago, Rock Island 4 116 116 |Gravel ----| 4-inch well; plenty of water. 
& Pacifie Ry. } 
Jen Pe Strub Die=_ eee. THY 2289) © 1000 Rocke sees Yellow and blue clays. \ 
Lemuel Hunter -----. « 6 220 | 200 to dOres--= 
T. 78 N., R. 8 W. 
(Washington). ‘ 
J. 2. Weagneresoos | 15 Sand -.-.._| Yellow clay and loam, 45; blue clay, #0. 
THO Ty ese eee 10 =a MO Very similar to the last. 
C. Swartzendruber...| 16 | Cardona es Do. 
pT. V8 Ny Beas 
(Sharon). 
Jno. Hughes -.--.-.....| 2 Lg Ane Sand ----- Hill. Yellow clay, 20 to 80; blue clay, 
| about 90. 
P. Zahner, sre 2 DS oso ee Pg 6 (aap es! Foot of Hughes Hill. Soil and yellow 
clay, 15; blue clay, about 60. 
R. KR. Hughes 2s2e23 | 1 A alle oe, Ewdat St e8 Below blue clay. 
Waid t Davis: 22 12 126) -s5--== ==, 00" =5.55 Yellow and blue clays, then sand. 
20. 78 Ne, Reb We 
(Liberty; part of 
Pleasant Valley). 
wohn Knebel <i-s.c= 82 120 |-------.|/Sand -----| Yellow clay and soil, 30; blue clay, 85; 
sand, fine-grained. Mr. Knehel re- 
| ports that there are no wells down ro 
| rock In the township and that the 
_ general depth is about the same as his 
- own. Along Old Mans creek and on 
| | Iowa river bottom. drive wells tre 
! | about 20 feet deep. 
T. 77.N., RB. 5 W. | 
(Fremont). | 
Town well, Lone Tree} 10 180ne ose Sand) Soil and yellow clay, about 30; blue 
| clay, about 95; sand, about 5 to 8, 
| with pieces of wood and bark at top. 
| | The driller penetrated a bluish tough 
clay below the sand to some distance, 
but withdrew the drill and made the 
sand the water bed. eg 
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JONES COUNTY. 


BY W. H. NORTON. 


TOPOGRAPHY. 


esting belts of upland and lowland, of loess-covered 
Kansan ridges and Iowan drift plains, give to the surface of 
Jones county a peculiar ‘‘fluted’’ topography. The trend of 
these singular belts and of the rivers which cross them is north- 
wes st-southeast and the streams flow with seeming indifference 
er through wide post-mature valleys adjoining the plains or, 
ving the lower lands cleave the ridges lengthwise with deep 
gorges. 

_ Thus, on the right bank of the Maquoketa, a bold ridge, 
-loess-covered and fringed with lenticular loess-capped hills of 
rift, called paha, extends as far southeast as Monticello and 
its trend is continued by a lower ridge of similar character near 
Seoteh Grove. These ridges overlook to the southwest a belt 
of prairie four or five miles wide, diversified in places with low, 
long swells of drift trending northward. Southwest of this 
13 airie plain of Iowan drift, on which are located the towns of 
Onslow, Center Junction and Langworthy, rises another up- 
le ind. Northwest of Langworthy it is narrow, and its pahoid, 
forest-covered crests rise 100 feet and more above the level of 
adjacent lowlands. From Amber southeast to the county 
} ne it i is more massive, attaining a height of 140 feet above the 
me ighboring valleys. A narrow belt of lowland parts this ridge 
Tom a massive upland cut by Wapsipinicon river to a depth 
of 220 feet, beyond which to the southwest lie other narrow 


GEOLOGY. 


4 ‘he Pe cloric structure of Jones county is of the simplest. 
T he drift sheets of the county are the Iowan and ue deeply 


ie.” 
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buried Nebraskan and Kansan. The two last named are for the 
most part hard, blue, stony clays called ‘‘hardpan’’ by many of 
the drillers. The Kansan, however, may be reddened and 
loosened in texture by long weathering to a depth of from ten 
to twenty feet from the surface. The Iowan lies. on the surface 
of the lowlands—a brown sandy and gravelly drift with bowld- 
ers or a pale yellow stony clay. On the hills and ridges the 
vellow dust or silt deposit known as loess has accumulated to a 
depth in places of forty feet, although thin or entirely absent 
on the adjacent prairies. Throughout, the rock lying beneath 
the drift is the Niagaran dolomite (Pl. IX), except probably 
over a few square miles in the extreme southwestern part, where 
the heavy drift may conceal Devonian limestones. 


UNDERGROUND WATER. 


SOURCES. 


The diversified surface, in which well-dissected uplands 
where ground water stands far below the crests alternate with 
low young prairie plains only slightly scored by drainage chan- 
nels where ground water stands high, makes it exceedingly dif- 
ficult to give any averages as to the depth to water supplies, 
even in areas so small as townships. 

The most important water-bearing formation is the Niagaran 
dolomite. The water occurs in porous beds and in waterways 
opened by solution along joints and bedding planes, but not in 
any definite stratum whose depth at any point can be predicted. 
Water is found also in drift sands and gravels, both in those 
contained within the drift sheets and in those which separate 
them. . 


WATER PROVINCES. 


Province northeast of Maquoketa River—tIn Highland, Wash- 
ington and the northeastern part of Monticello townships the 
Niagaran dolomite lies everywhere at no great distance below 
the surface and outcrops in numerous ledges on the hillsides and 
in discontinuous high rock walls along the deeper valleys. North 
and South forks of Maquoketa river below Monticello flow 
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through narrow winding valleys destitute of flood plains. In 
these valleys wells find rock a few feet from the surface, but 
must penetrate it deeply to obtain sufficient water. 

On the uplands the deep and intricate dissection of most of 
the area allows ground water to sink. Few wells find it within 
less than 100 feet, and many are compelled to go more than 
200 feet. In a few places the Niagaran is found dry nearly to 
its base, and wells supplied from the water accumulating im- 
mediately above the impervious Maquoketa shale must be drilled 
a little way into the Maquoketa for reservoir. For example, the 
well of T. Cooper (section 20, T. 86 N., R. 2 W.) found clay to 
twenty feet, Niagaran dolomite to 385 feet, and was carried six- 
teen feet into the Maquoketa shale—a total of 421 feet. 

Hven on the high drift prairie of the northwest part of this 
area wells do not find enough water in the drift, which here 
ranges from ten to sixty-five feet in thickness. Where the 
drift is comparatively thick for this area, reaching about fifty 
feet, water may be found within the limestone fifteen or twenty 
feet below the rock surface. Where the drift is thin, and locally 
where it has some thickness, wells range in depth from 150 to 
250 feet. Few wells of this province are less than 140 feet deep. 
Thus, the well of R. M. Hicks (sec. 2, T. 86 N., R. 2 W.) is 180 
feet deep, rock being struck at five feet, and the well of J. F. 
Moore (see. 5, T. 86 N., R. 2 W.) goes through forty feet of 
drift and penetrates 240 feet into the Niagaran dolomite to ob- 
tain sufficient water. 

Province between Maquoketa and Wapsipinicon rivers.—The 
larger part of the belt of country twelve to fourteen miles wide, + 
extending from northwest to southeast across the county be- 
tween Maquoketa and Wapsipinicon rivers, is a prairie of lowan 
drift, but it is traversed longitudinally and is bounded on the 
east side by massive ridges of Kansan drift capped with loess. 

To the northeast, along a zone bordering the Maquoketa, the 
Niagaran dolomite stands high and is covered with a thin 
mantle of drift. In the northern part of Castle Grove township, 
as at Argand, it outcrops as high as 920 feet above sea level. In 
southwestern Monticello township the loess and drift of the 
ridges may exceed forty or’ fifty feet in thickness, but the rock 


J a 
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outcrops about their bases or is found at slight depth below the 
surface. Southeast of Monticello the limestone also stands 
high, outcropping well up to the summits of the hills overlook- 
ing the Maquoketa, its height above sea level at Scotch Grove 
being about 900 feet. Here water is not found in the drift nor 
on the rock. Wells must be sunk a considerable distance in the 
Niagaran dolomite to find sufficient supply. Locally plenty of 
water is obtained within fifty feet of the surface, as at the 
Scotch Grove creamery well, but most wells are 100 feet or more 
in depth. Even on the wide river valley northwest of Monti- 
cello, where rock comes within fifteen to twenty feet of the 
surface, wells are about 100 feet deep, and on the adjacent hills 
some of them exceed 200 feet. On the high bluffs overlooking 
the Maquoketa, southeast of Monticello, it may be necessary to 
go 200 and even 300 feet to find water in the limestone. 


An exceptional feature of the belt of country bordering the 
Maquoketa on the southwest is a buried river channel disclosed 
by wells in the lower valley of Kitty creek and on the Maquoketa 
flood plain above Monticello. Thus, in section 27, Monticello 
township, a well on the Kitty creek bottoms found rock seventy 
feet from the surface, 720 feet above sea level. The city well 
at Monticello on the same bottoms, enters rock at 135 feet, 665 
feet above the sea, and a well in section 16 of the same township 
on the Maquoketa flood plain is reported as 119 feet deep, with 
twenty feet of alluvium at top, below which the well penetrated 
only sand. The rock floor at the last well must be less than 680 
feet above sea level. The buried river channel thus disclosed 

¢ was cut about 125 feet below the present channel of the Ma- 
quoketa. That the ancient valley does not coincide with the 
broad valley of the river above Monticello is seen*in the numer- 
ous wells on both sides of the river which enter rock at ten to 
twenty feet below the surface. 

From the upland along the right bank of the Maquoketa, 
where the Niagaran dolomite reaches an elevation of about 909 
feet above sea level and where the drift is relatively thin, the 
rock everywhere descends to the southwest to a wide rock-cut 
valley now deeply filled with drift, on whose farther side the 
rock again ascends and again approaches the surface along a 
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helt of country stretching along the left bank of the Wapsipini- 
: ~The distance to which wells must be drilled to reach rock 
varies not only with the depth of this ancient valley and the 
‘positions of its numerous branch valleys with their divides of 
rock buried beneath drift, but also with the height to which 
the ‘dyift has been heaped over the area—whether it has been 
10othed to the broad, flat plain which stretches from Castle 
Grove to Langworthy on Onslow or has been piled in the mas- 
ridges which overlook this prairie from the south. The 
test depth to rock naturally occurs where the ridges directly 
y lie the central trough of the buried valley. In Castle Grove 
| township (section 8) the drift ig in one place 190 feet thick, the 
tock floor being 810 feet above sea level. In section 33 the qa 
is more than 200 feet thick, the rock floor not being reached at 
800 feet above sea level. On the ridges from northwest of Amber 
| to Onslow a number of wells are reported which approach and 
exceed 300 feet in depth, and a few successful wells are reported 
as less than 200 feet deep. On the bluffs near the Wapsipini- 
con, where rock stands high, few wells exceed 150 feet and a 
number of successful Sack wells from 80 to 120 feet deep are 
on n record. 

South of Newport the Wapsipinicon is bordered by flood 
plains one and one-half miles wide, and here driven wells are 
entirely adequate. 


~ 


_ Province south of Wapsipinicon River—On the high ridges 
op uthwest of the Wapsipinicon the depth of the wells reported 
S anges from 50 to 150 feet. On the prairie occupying the ex- 
breme southwestern part of the county about Morley and Mar- 
tl wells find water in the drift, and in few places exceed 130 
feet, so far as reported. South of Fairview a number of suc- 
rc essful wells are but forty or fifty feet in depth. 


SPRINGS. 


Springs supplied by underground courses dissolved in the 
Niagaran dolomite emerge in the deep gorges of the Maquoketa 
and the North Maquoketa. That of J. Kibury, in the NW. 4 
NW . \% sec. 30, T. 86 N., R. 2 W., feeds a small creek discharg- 
mg ae Pe aakots var. 
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To a somewhat less extent springs are found along the 
course of the Wapsipinicon where it leads through narrows cut 
in the Niagaran dolomite. 


: 


CITY AND VILLAGE SUPPLIES. 


Anamosa.—The public supply of Anamosa (population, 2,983) 
is derived from a city well drilled by J. P. Miller & Company 
of Chicago in 1898. The well is situated a few yards from the 
bank of Wapsipinicon river, is 1,75414 feet deep and ten to six 
inches in diameter. It is packed with lead and rubber and car- 
ries 100 feet of casing. The head of the water is thirty feet be- 
low curb. The water comes from depths of 600, 950 and 1,200 
feet. The original and present pumping capacity is 300 gal- 
lons a minute. Temperature, 52° F. Water is pumped to a 
reservoir and the pressures, gravity and direct, are 60 and 120 
pounds, respectively. There are three miles of mains and thir- 
teen hydrants. 

The only cuttings preserved from this well come from the 
Saint Lawrence formation and underlying Cambrian strata. The 
following table presents the record: 


: 


Record of strata of city well at Anamosa. 


Depth in 
feet 
Dolomite, gray, arenaceous; as seen by grains imbedded in dolomite 
ChipS 2222+ ssa Se ee a ae en ee 1,335 and 1,345 
Dolomite, light yellow-eray 2222222222 Bee = 1,370 
Marl, light pink; powder contains large residue of minute angular 
quartzose particles; cement dolomitic, glauconiferous_-_----------------- 1, 875 
Marl, ‘bright pink, as abovelt 2-2-2220). 2. 2 ee 1,385 
Marl, blue, dolomitic, quartzose, glauconiferous—_.--22.2 222222) eee 1, 435 
Shale, white, calcareous, siliceous, in powder:..22---__-_____- 5 See 1, 440 
Sandstone, green-gray, grains minute, rounded, slightly calcareous, 
argillaceous, gslauconiferous 2222lcs<<2.=2-65- 0-42 - eae 1,525 
Sandstone, white, rounded grains; largest, 0.6 mm. in diameter-_-_---____-- 1, 530 
Sandstone, @ray, fine’. <<s.s-2--sc0- sents cee oe eee ee ee 1, 660 
Sandstone, white, very fine 222-2. 22 92 a 1.670 
Sandstone, buff, of finest.grain, glauconiferous_-____-.... 4-22 ‘ 1, 690 
Sandstone, pink, of finest grain, in loosely coherent chips _----------------_ 1, 720 
Shale, ‘Sreen  “. 2. boven nae Se ee te es Se ee es ee 1, 735 
Shale, bright green, calcareous, glauconiferous, highly siliceous; with 
minute quartz ‘particles 222.2222 a ee ee 1, 750. 


The water supply problems of Anamosa seem to have been 
successfully solved by the excellent and abundant supply of wa- 
ter from the city well. Domestic supplies are still drawn, how- 
ever, from many house wells, which on the hills are not uncom- 
monly 100 to 160 feet in depth. The drift, which is forty feet 
thick, is dry, and water must be sought in limestone. 


ee 














' 


——— eee ee, ee ae 
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In the remote contingency that the present supply from the 
deep well may be overdrawn by increasing population, tests 
might well be made of the amount of ground water available 
on the low ground west of the town near the mouth of Buffalo 
ereek, where the convergence of drainage lines points to some 
considerable store. Several wells of small diameter sunk about 
320 feet to the horizon of the Maquoketa shale would probably 
yield a large supply. 


The State Penitentiary well has a depth of 2,007 feet and a 
diameter of 10 inches (cased) to 96 feet, 8 inches (uncased) 
to 290 feet, 6 inches (cased) to 987 feet, 5 inches to 2,007 feet. 
The curb is 816 feet above sea level. The original head was 
760 feet above sea level; the present head is 768 feet. The or- 
iginal and present pumping capacity is more than 300 gallons 
a minute, and the amount pumped daily in summer is 135,000 
gallons. When pumped at rate of 200 gallons a minute water 
is lowered nineteen feet in half an hour. The water comes from 


_ 860 feet and from between 1,070 and 1,215 feet. The well was 
completed in 1896 by J. P. Miller & Company of Chicago at a 


cost of $11,000. Temperature, 53.5° F. 


The well yields excellent drinking water. Since its comple- 
tion no eases of typhoid fever have occurred in the peniten- 
tiary, although from 1875 to 1891, sixty-four were reported by 
the prison physician. The water forms much scale in boilers 
but is not otherwise deleterious. 
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Record of strata of penitentiary well (Pl. IX). 



































‘Thick- 
ness | Depth 
Feet Feet 
Pleistocene (78 feet thick; top, 816 feet above sea level): 

Clays yellow os 2 2 eo A ee ee bel 30 30 

Clay sid (sari. = = (eee ve eee eee ee See eee 46 76 

Quitksind Seeet ey fel eol 2 > Eee Sesto ee ed ee ee 2 78 

Silurian: 
Niagaran dolomite (282 feet thick; top, 738 feet above sea level)— 
Dolomite, light bluish gray, ‘erystalline, vesicular; 5 samples, at 145 seu 
dark brown-gray and more compact —.--.--------2----------eee oe enanee ne nee 137 215 
Dolomite, as above; cherty 26.32 ee es eee eee 20 235 
Dolomite, light gray, crystalline; 2 samples 30 265 
Dolomite, cream colored and buff, cherty; 4 samples__-----_-----.. .--------- 60 325 
Dolomite, gray, in flaky chips, argilleceous, lustre earthy, w-th some 
chert: 2 samplea 222.20. cals ee eee 30 355 
Dolomite, blue-gray, highly argillaceous_-.-.--.--------__--.------—.— — =a 5 360 ; 
Ordovician: 

Maquoketa shale (175 feet thick: top. 456 feet ahove sea level)— : 
Shale, green-gray, slightly caicareous; 4 samplJes_---.-----__.___._._______. 180 490 
Dolomite, brown, somewhat bituminous, blackens in closed ttube_-------_---_ 10 500 
Shale in molded masses: 2 samples:-..-....2__.. eee 35 535 

era ico and Platteville limestone (325 feet thick; top, 281 feet above 

sea level)— 
Dolomite, buff and gray, hard, rough, crystalline; 10 samples, at 675 feet, , ' 
cherty x2s...<. 2c eS ee eee eee 205 740 
Limestone, magnesian, blue-gray, granular, crystalline; 2 samples_ 30 770 
Shale, blue and dark brown. bituminous..2-2-. 2-22) --. ee 80 800 
Limestone, magnesian, or dolomite, buff-gray, fine- grained, crystalline; 
samples at 800 and 820 feet; in the latter sample are found fragments of be 
Mmagnesian limestone which may extend from that depth to 852 feet_____- 52 852 i 
Shale, no sample ..:<..s. 201. 2is ee eee 8 860 

Saint Peter sandstone (55 feet thick; top, 44 feet below sea level)— f 
Sandstone; clean, white quartz sand; grains well rounded, moderateiy fine 55 

Prairie du Chien stage (335 feet thick; top, 99 feet below sea level)— 

Shale, green, noncaleareous, finely laminated, containing some rounded 
grains of quartz 2...-2<-.2.2-..22 2.4 Se eee 40 
Dolomite, light, yellow-gray 2----.-2 <2 nas So ee re eee 15 
Shale; in large fragments, noncaleareous, green, finely laminst+#d_-----_-.. 20 
Dolomite, gray and white; 5 samples_.....-2- eee 260 1,250 
Oambrian: 

Jorden sandstone (95 feet thick; top, 484 feet below sea level)— 

Sandstone, light blue-gray, calciferousi2..-202 ee eee 55 5 
Sandstone, clean, white? grains rounded. 2. = eee 20 ALS 
Sandstone, white, caleiferous ..<<--2.L- 2102-02 co eee 20 1; 

Saint Lawrence formation (235 feet thick; top, 529 feet below sea level)— 

Dolomite, yellow-gray, Trough @.22-.-2s 2 2. ee eee 85 be 
z Dolomite, cream-yellow; rounded grains of quartz in drillings; 2 samples 85 As 
Dolomite, ranging from white to brown... —.___._ eee 70 = BE 
Sandstone, red, argillaceous and calcareous, of microscopic grain, with 
green, grains like’ glauconite 2.22.2... eee 5 2s 
Shale, Hight green-gray, slightly caleareous..---.2 2 = eee 50 1, 
Dolomite; fragments mottled pink and gray... __-_ eee 40 4, 
Dreshach sandstone (180 feet thick; top, 764 feet below sea level)— 
Sandstone, cream-yellow, buff and white, fine-grained; 4 samples; softest 
sandstone in well ‘by driller’s log... 22 el 2 ee 180 iW 
pe puree Cambrian strata (247 feet penetrated; top, 944 feet below sea 
evel)— 
Shale, ‘green;. fissile... 25.2220 coe ate hae eae ee eee ee ono eee 10}. 1, 
Sandstone, buff: very fine, glauconiferous; 3 samples__--_-.---._.--------..- 45 1,81 
Sandstone, brick-red, very fine-grained, argillo-calcareous, glauconiferous 40 | - 1,855 
Sandstone, as ahove, but less calciferous._. oo. -2225.2.. sce eee 20 1,875 
. Sandstone, gray and buff, fine; argillo-caleareous at 1,890; 3 samples_--- 20 1,895 
Sandstone, coarser: with green shule.-.22.. 2.25. -20.-52<-52-n oe saeeeeeeeee 5 1,900 
Sandstone, gray; moderately fine grains, angular, hard_-----.---_---.---_. 50 1,950 
Sandstone, white, rounded; unbroken grains, soft--------.---------.-....--- 45 a3 
Sandstone, light pink, sample of rounded grains mostly unbroken, herd, 
24 hours to drill 6 feet; sample not a quartzite...__.._........--..o 12 2, 
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Center Junction—The domestic supply of Center Junction 
pulation, 199) is drawn from deep wells, which range from 
to 140 feet in depth and find water in the Niagaran dolo- 
e six or-eight feet below the rock surface. Here, as at 
low, a sand mixed with small gravel and reaching a thick- 
ness of fifty or sixty feet occurs beneath glacial stony clays, 
but, on account of difficulties in screening, wells are drilled 
ough it into rock and are cased to a few feet below the rock 
surface. | 
; Langworthy—aAt Langworthy (population, 100) shallow 
wells in sand and gravel are about fifteen feet deep; drilled wells 
Tr ge from 50 to 200 feet. Langworthy is on low ground on 
the Iowan drift plain and ground water stands near the sur- 
face, heading two to ten feet below the neh. in most wells, and 
n one or two overflowing. 

Monticello—The city supply of Monticello (population, 2,043) 
} originally from an artesian well drilled in 1875, which had a 
th of 1,198 feet and a diameter of eight to five inches. The 
b was 820 feet above sea level and the head forty feet below 
-eurb. The tested capacity, original, was 200 gallons a min 
; about 1898, with a pump cylinder set forty-five feet below 
curb, it was twenty-five gallons a minute; and with air com- 
ssor working 200 feet below the curb it was 125 gallons a 
eS The well was abandoned in’ 1900. *' The strata pene- 
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Record of strata in Monticello well. 


Depth in 
feet 
Pleistocene (85 feet thick; top 829 feet above sea level): 
Dr ft eee abe asc nee sme eee ee ee re ee ae re a ee 60 
Silurian: 
Niagaran dolomite (180 feet thick; ‘top, 735 feet above sea levyél— 
Dolomite, light puff. lus... .2f. 2s 85 
Dolomite, lighter in color than above, porous, sub-crystalline; 

Some chert 51. oss-<0s--oleesenceeseee ee 100 
Dolomite, gray; with chert. 22. 222520.- 2 eee 200 
Dolomite, buff, hard, porous) =---..2----2 220-532 ee ee 235 

Ordovician: ry 
Maquoketa shale (195 feet thick; top 555 feet above sea level)— 
Shale, greenish, calcarevus at 263 and 3802-2..5----—- 2 eee 330 
Shale, dark brown, strongly bituminous, pyritiferous, slightly 

Caleareous: Jobo eee eee eee ee ee teenie eaten eee Bae ee 420 

Shale, light greenish gray, magneSsian--.-------2-.- 25 ose eee 460 


Galena dolomite and Platteville limestone (315 feet thick; top, 360 
feet above sea level)— 


No sample us.s2.2seese sk Sree 460-550 

Dolomite, gray and butt; much shale powder and foreign coarse 
QUartZ Sand. ~2ccsnccedes nee Bee ee ee ee ee 550 
Dolomite and limestone, soft,- white ._.--2----.- 2 eee 615 

Limestone, blue-gray, nonmagnesian; in flaky chips; fossiliferous, 
rather. soft 2:-22..2...-2 2 eee ee eee 645 

Saint Peter sandstone (25 feet thick; top, 45 feet above sea level)— 
Sandstone, white, grains rounded, fines .2 =. by) sue 775 
Prairie du Chien stage (340 feet thick; top, 20 feet above sea level)— 

Dolomite, cream colored; some quartz sand, probably from above 800 
Dolomite; as above, but darker----__-<_-__- aoe ene ne ene 820 
Dolomite, light. @rayx2s-2c-6 22s a ee eee 920 
Dolomite, light yelloW<s-2s.<ceco 26S 2s sent ek 975 
Sandstone, calciferous, or dolomite, highly arenaceous--__------__---_ 1, 025 
Dolomite, hard, siliceous, reddish, buffs. 2 --- eee 1,025 

Sandstone, argillaceous; drillings largely coarse quartz sand, im- 
perfectly rounded ~22.2-25..--2 2 ee 1, 040 
, Dolomite, gray? 2222. 42<---0 22 ee 1,085 

Cambrian: 

Jordan sandstone (58 feet penetrated; top 320 feet below sea level) -------- 1, 140-1, 198 


In 1893 the supply was found insufficient for the needs of the 
town and a well 120 feet deep was drilled a short distance away 
and connected with pumps. In 1895, 250 gallons (?) per min- 
ute could be pumped from the dual supply without lowering 
the water. A few years later the diminishing yield was in- 
creased by the use of an air lift which discharged from the 
deep well 125 gallons per minute from a depth of 200 feet, but 
this increase proved to be but temporary. The loss of capacity 
was thought to be largely due to defective casing, but on at-— 
tempting to recase the well it was found that the bore hole 
was ‘‘crooked’’ and a four-inch pipe could not be driven below 
400 feet. As the Maquoketa shale lies at about this depth it is 
possible that the so-called crookedness was due to creep of the 
thick body of shale constricting the bore and diminishing its 
capacity. It is reported that no casing had been placed in the 
well below 105 feet. ,; 

In 1902 the municipality abandoned both wells, which were 
situated near the Chicago, Milwaukee & St. Paul Railway sta- 
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tion, and found an abundant supply in a well sunk in the out- 
skirts of town on the flood plain of Kitty creek near its junc- 
tion with the Maquoketa. This well, supplying 250 gallons per 
minute, is eight inches in diameter and 219 feet deep. The 
water heads but fifteen feet below the curb. The driller’s log is 
as follows: 


Log of well at Monticello. 








Thickness | Depth 








Feet Feet 
4 








aE ee 4 
DE SSDS EEE SS eee nn Se ee ee ee eee 16 20 
ie en Sa cae = ae ee a 105 125 
Paneer woe Tint with some water.............-.---......-s.---.._=---=.. 10 135 
PmrnosNinearan), water bearing <..-..----.....-...-.--..---.-.---.---.- 84 219 





The water is distributed from a reservoir under gravity 
pressure of sixty-five pounds. For fire protection, direct pres- 
sure of eighty pounds is available. The system comprises four 
and one-half miles of mains, thirty-seven fire hydrants and 536 
taps. 

The depth of the well, the heavy impervious blue clay, and 
the casing which extends. to’rock, give assurance that with 
due care in keeping the casings intact, thus excluding all water 
m surface sands, the well will remain entirely safe as a city 


_ supply, notwithstanding the low ground on which it is situated 


and the increasing settlement of the area above it. 

The yield from the Niagaran is exceptionally large at other 
points in town; the capacity of the well of the Chicago, Mil- 
waukee & St. Paul Railway, for example, which is sunk forty 
feet in the Niagaran, is 100 gallons a minute; but the supply 
near Kitty creek is especially large because of the broad deep 
sag in the rock surface which underlies the valley. In this sag 
the limestone is no doubt saturated with water supplied from 
the higher rock on either side, and perhaps from a considerable 
distance to the north and the south. 


' Olim.—Water at Olin (population, 659) is found in sands of 
the ancient flood plain of Wapsipinicon river on which the 


_ Village is built, and in the underlying Niagaran dolomite, which 
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is reached at different depths, in places somewhat more than 
100 feet. Water rises within ten or fifteen feet of the sur- 
face. 

The town is supplied from an eight-inch well 272 feet deep. 
Water was found in sand at twenty-five feet, and also in the 
Niagaran, which was entered at 117 feet. Casing shuts out 
water above that of the limestone. Water stands at thirteen 
feet from the surface, and the capacity of the well is 100 gal- 
lons a minute. On pumping at this rate water lowers nine feet. 
There is a pneumatic storage tank. The pressure is from forty- 
five to eighty pounds. There are 6,400 feet of mains and six- 
teen hydrants. 


Onslow.—Onslow (population, 207) is supplied by deep drilled | 
wells, some of which are sunk in the deposits filling an ancient 
buried valley (p. 519). 

House wells find abundant water in the Niagaran just be- 
neath the drift. Rock is found at different depths. from the sur- 
face, as the Iowan plain on which the town is built here over- 
lies the sloping side of a buried valley. At the south end of 
the village rock is found at eighty feet; 700 feet north the rock 
floor has descended to 137 feet and 300 feet north to 206 feet. 
In some of these wells as much as seventy feet of sand is found 
beneath heavy glacial stony clays. 


Oxford Junction and Oxaford Mills.—The level plain adjacent 
to -Wapsipinicon river about Oxford Junction (population, 822), 
and Oxford Mills (population, 233) is underlain by the 
Niagaran dolomite, which comes to the surface within the limits 
of the former town, but is cut with deep ancient channels of the 
river. Thus in Oxford Mills rock occurs within four feet of the 
surface-at the schoolhouse, and a block away a house well en- 
ters rock at eleven feet. 4 


Stone—The village of Stone (population, 700), situated on 
the bluffs of Wapsipinicon river, depends on drilled wells for 
house supply. On the highest elevations wells are 265 feet in 
depth and water stands 190 feet from the surface. 

Wyoming.—The waterworks of Wyoming (population, 733) a 
comprise a well 78 feet deep, a storage basin, and two miles of 
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is - Water is distributed by gravity and by direct pressure 
5 pounds. There are 15 hydrants. The well is located in 


‘ig river sand, AGS, its water by ak a from the 
may be necessary 5 the future to prevent the ingress of 
r liable to contamination by recasing the well to consider- 
greater depth and by very thorough packing. Water 
ds within nine feet of the curb, and is not lowered by pump- 
00 gallons a minute. | 

any house wells are used throughout the town. On the flat 
Lin the northern part rock is found at about the same depth 
| the surface as at the city well. On the hills bordering the 
y, house wells enter rock after passing through 70 feet of 
al clays and obtain water in the Niagaran at depths of 90 
nd 100 feet below the surface. 


Clr 
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WELL DATA, 


Information concerning typical wells in Jones county is pre- 


sented in the following table: 


Typical wells in Jones County. 























4 
o 
2 
: ° Source of Remarks: 
Owner ioe a) a a supply (Logs given inlfeet) 
all 
o o 
a A 
Feet Feet | 
T. 86N., R. 4 W. 
(Castle Grove). 
RP. Kehoe -.----------|NW. 4 NW. 4 see. 5--| 195 | 40 |Limestone <3 Blue clay to rock. 
T, Oashman-—------- NWagt SC. (8-2-5215. 200) 000s) eee ee eee Do. 
A. W. Cramer--_.----/SW. 4 NW. 4 sec. 14) 150 40 |Limestone —--_-- 
Geo. Henderson-_----- Sec. 19 —-_-_.--_---..- 80 OA hE aris SSS ee .|Ridge. \ 
D. W. Cunningham--iINb.g SW. sec. S12) og) a4 ee 
3. Inikken \.-..--2----|SW. 4-82. 5 SCC.) 25-3) 95 a ine Fairly level ground 
Dieiise Kings so sea2 SE. 4 SW. 4 sec. 29_-| 150 | 74 |Limestone -----. 
Nee (DeIsthers2e.—o-ee=— NW. 2 NW. 3 sec. 29] 99 mE ot yg ees ae 
Q. Pheil. --»-----------INW. % NW. % sec. 82) 495 | 50 })> 2 ee “|All blue clay. 
N. Nichols -----------|NW. 4 NW. 4 sec. 83/ 900 |_____. Sand )22 eee Blue clay to sand. 
A. B. Harms--------- INWe. 2S Wiese \Se6. 792) typ 4) CieGi) een ee ore Mostly blue clay; one 
10-foot stratum of 
T, %& N., R3 W. of sand. 
(Monticello). 
Ry AS Ryerson --o SE. 4 NEw &8e¢. 712-17) 95 10 |Limestone --_--- 
ee Ueickel enone NW. 4:NE. 3 sec. 2--| 180 Dyes OO se aeeeeeats 
Je eMcNutt) ee NW. 2 NW. § sec... &- 85 GBiiRS See ee tere eens 
H: Sandhouse ------|W. 3 SW. % sec. 5--| 35 15 |Limestone <.--2- River bottom. 
PS Meyer q<---2-ss—c~|NE. 1g NE. 4 sec. 6-~ 105 2022s OF aaa es Do 
Sie ARON eee eS NE. 3% SW. 4% sev. 6-.| 220 40) 222500 Wena " ground back 
from river. 
Be Mangold sseeeeoee SW. 4 NW. 3 sec. 8.-| 85 15. 5-500) ~senesnoeee River bottom. 
@. A. Schatz---2---- NE. 4 NE. % sec. 15-| 150 10 |Limestone ------ Across road from Rol- 
: ston well. 
fepev ooThees. (22-2 -|SE. 4 NE. 3 sec. 17--| 100 20. =O" ea eee 
Mrs. Ferring -------- SW...2 SWick sec. 20) AiG e Sand ooo neo sae Dirt, 20; sand, 99. 
River bottoms. 
James Skelly --------|SW. 4 SE. 4% sec. 22-) 100) | 10 |Limestone ------ 
on it. Georeee. 2 — SE. 3 SE. 4 sec. 27---| 100 70) Wt Ooo Creek bottoms. 
Pe BYeLly 2ct-<2e<= -|INW. 4 NE. % sec. 29.) 150 50 |=. 00) Sanse. eee Rock; yellow clay, 50 
IES SGN, Ee a Wie 
(Richland). 
tials GabOOne. 258 <= Sw. 2 SE. 4 sec. 5--| ¢a0 40 |Limestone ------ 
Diamond Creamery - Nw. 4 NE. 4 sec. 19) 60 12 oe 00 fae ee 80 gallons per minute 
Wm. Farragher ----|N. 3 SW. 3 sec. 19---| 150 AQ (2.2 Om eee 
T. Casper ----------- SE. 4 SE. 4 sec. 20-.| 401 20.) 1.------2----=--,-|Olay, 203) limestones 
*365; shale, 16. 
M. Allen .s------2--./ EB.  § SW. 2 see.) 20-—=| 219 DIN 4 eee ee eee Started in a spring 
Jobn esShover. «_--s—. SE. 4 SE. 4 sec. 30--| 100 OD: aS ete ee Sand, 25. 
JT. 8 N., R 4 W. 
(Cass). 
Mrs. Mayberry ------ SW. EF SEs x BOC. Lea) Shi 370) ie eee eee ee Hill. 
Norman Clark ------ SW. 4) NB) See. 255) .e80e) O60 Mite ere eee 
Colton®2e.-2e-ss-se=ee Nn. 7 SHS GOGH SES See Sak Ieee eee pee eee Do. 
H, ©. Thompson’ -=-|SE. 2 sec. 6--222-- =e oT COR Si a tee eae as 
P..:Ogborne: 22 -2.--== IN Wet: NW OCs UGG Wa eee eee 
L. Eh. SDarraws2s.-= NW... 4 NE. 4 see, 230) (980>| 2180 ees eo eee 
A. O. Stickle-..._..-|SE. 4 NE. 4 sec. 15_.|" 185] 161 4.22.2. 2-_+_.—-)Much blugvelay simales 


cality. 
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Typical wells in Jones county.—Continued. 

















a4 
oO 
(e) 
‘ Source of 
Owner Location . 4 semnty 
~ Y 
g | 3 
QA A 
Feet | Feet 
deel ichards..2-..</SW. 4 NW. 2 sec. 20) 54 |) 17) os 
George Ketcham -.--|SE. 3 NE. 4 sec. 22..| 144{ 93 | _..-.----.___- 
Peeriv manors sn o|IN. OW. @ BeG, 202-5) 200) 16S | eee 
ihe Tete 5 ir ME ae a ey UNCC ra Samh MOOG Ihe LOG estos eee ee 
CE AES oS Sa Vs ee EL oa SCRce Oe ereny sli 240 |enneheckan eae a 
SEO Nici vee. Wis | 
(Wayne). 
Re Batehellor <2... Se MarHIN Dyer te SOC nme T SU MleN 9, keen aaa, ot 38 
Lengworthy Orevia-\Langworthy —--------- ROO LUO ose: See CoA 
ery. 
H. Himebaugh ------ Se SSW ee eoseon saat e100. a. Sad oe eee 
SEV ORUCE  cecse-———-—|S5, 2 SW. 2) 8ec. 38] 180.) 170 | -ceeeenu isu u se 
Pues DKS - 2-2 5-- = NIWs SUS Wout seceez0.! (8905) 800°\ 22-20-27 
| 
William Helgens ----- Sw. 2 NW. i sec. 22) 100 Riya eed ee wee cee 
A. G. Zimmerman----|SW. 4 SW. 4 sec. 22} 190 |._____ EN 6d Meee Oe Se eee 
. 
AEB SISter se225-4-—--IN 1D, + SE, 2 see. 24.) 185 | 184 | ...-----2----2.-. 
H. S. Hartman-_------|NE. 4 SW. 4 sec. 26) 945 | 900 |Limestone _____- 
J. Cunningham ------ SE. 4 SE. % sec. 27-) 309 | 299 [Gravel ---------- 
mages Doeneps: 2 2222|0 Wek NE. & set 2h) ogg 175, | lessen ee 
William Rilken ------ NETS Wee BEC a eu ADO MIE ATE Ye sce kee el a 
menibessiungertord s--|NW. 2 SE, 4 sec.30! 398°) 990 | 9-22 eae. 
G. E. Strawman _...|SW. % sec. 92.--..-. aU Hes 0 Mitre eae eect 
Wee echron 2.22... pel Sbr SON BOC Gos cle 945 0) Oem eu saan ee 08 
wan none nner n mile 220 eoe eal CAYaVel a accmeeae ne 


Amker Oreamery -.-.|Amker 


34 

















Remarks: 
(Logs given in feet) 


Rather low ground. 


Nearly 100 
quicksand on 


feet of 
rock, 


Heads 11 feet above 


curb. Blue clay, 
100; sand, 30. 
Flowing well; blue 


clay and sand in al- 
ternate strata, 100; 
rock with water, 20. 

fps clay, 20; sand, 
0 


Sand and blue clay to 
rock. 

From 120 to 190 feet 
sand; a well on same 
section, 306 feet to 
rock, has 100 feet of 
sand. 

Blue clay, 50; 
30; rock, 20. 

Blue clay, 100; sand, 
90 


sand, 


Blue clay with sand 
Streaks 6 and 8 feet 
thick, 144; gravel, 
pease Clay, 40; rock. 


Yellow clay, 20; biue 
clay, 180; limestone 
and shale in alter- 
nate layers about 5 
feet thick, 35; lime- 
stone with water, 


Blue clay; sand and 
gravel; gravel 30 
feet thick on rock. 

Drill dropped 12 inches 
in rock cavity. 

Ridge. Yellow clay, 
50; remainder sand 
and blue clay to 
rock, 

Yellow clay, 30: blue 
clay, 160; quicksand 
with water, 180; 
limestone, 8. 


High ground. 


Yellow clay, 50; blue 
clay and streaks of 
sand 175. 


Yellow clay, 15; sand, 
65; hard blue clay; 
gravel. 


Typical wells in Jones County—Continued. 














Owner Location 

7, 8 N., R.2 Ww. 

(Scoteh Grove). 
Pp, E. Preibilbis------ SE. 4 NW. 4 sec. 31 
A. O. Preibilbis ----- NE.4 NW.3 sec. 11(?) 
Devid Sutherland_---- NW. 34 NW. i sec. 14 

NE. 3 NE. 4 see. 2. 
NW. 4 NE~ & sec. 25 
A. G. Haukea-------- Sw. 4 SW. 3 sec. 27 
J. Sutherland ----- ~/SE. 4 SW. 4 sec. £8 
P, Kahns ------------ SE. 2 NW. i sec. 2 
R. Williamson -------/SE. 4 NE. % sec. 31_ 
R. Livingston -------.NW. 4 NW. % sec. 33 
S- Walworth —..--—- SW. 3 NE. 3 sec. 36. 
G. Overly ----.-------]9 miles east of Center 
Junetion. 
Elmer Overly --------|2 iniles east of Center 
Junction. 
Scotch Grove Cream-|Scotech Grove _-_---_- 
ery. 
Re GW eee SW. 2 SW. i sec. 19 
WwW. H. Chatterton --|SE. -4 SW. 4 sec. 20_-_ 
J. MacManus -------- NE. 3 NE. i sec. 21.. 
R, Haynor/--- NE. 3 SW. 4 sec. 23__ 
Oarstens® oscee-seseeee NW. 2 see. "28.0 
—— OBE se eee SW. 4 NE. 4 see. 96 
Mrs. MacMasters ----/[SW. 41 NW. i sec. 32 
|. 84 Ni, BR. 4 W. 
(Fairview). 

LL, J. Adeire 2 =. SW. 4 NE. 3 sec. 1__ 
Wm. Bromley --_----- SF. 4 NE. 3 sec. 2... 
James Shonflin —----. NW:.2 NE. 4 sec: 32. 
Robbe Gister=<-=- =. NW. 4 NB. 3 sec. 5_- 
M. Wagener ---------|3W. 4 sec. 9.--------. | 
A... AQSDSWEN pews eee Sw. 4 SW. 4 sec. 15 
Edward Grimm ---+-- NW. i NE. # sec. 1€ 
Jo JOSIE nese an Sw. + NW. i sec. 22 
ie PMLGOKE aston ee Sw. 4 NW. & see. 24 
Allen. Stone 2.2---- = NE. 34 SE. 3 see. 25__ 
1, CPTI Gta oe scan toa a NE. 4 NE. & sec. 27 
J. S0ONT see eee Sw. 4 SW. 3 sec. 29 
J. Underwood ------- Sw. 4 NI. % see. 33. 
Maniel fostyn ----.- NE. 34 SE. % sec. 35_. 





Depth to rock 


260 


100 











UNDERGROUND WATER RESOURCES OF IOWA. 


Dy a >. 
Fr. ie ab a ae 
RO 
ee). 
Source of Remarks: 
supply (Logs given in feet) 
White flint.-._.._| River bottoms. 
Limestone --.---| Bluff. 
Sa occa ea Stal 
Penn Servegt cea en 31 Doma 
Lae oe tee ee Heads 11 feet below 
cur 


wee te ee ee ee 


we ween ee ee Se eee 





woe eee 


lestesiestestenieteseteaaieeetieteetseeten 
















Blue clay to rock. 
Level ground. 
Much sand. 


Blue clay to rotk ss 


Sand and blue clay: 
sand quicksand 


above growing > 
coarser toward 
bottom. : 


“Surface,”’ 15; “hard- F 
pan,” 135; sand, 985.7 as 
clay, 123 rock; 20a es 

Low ground near 
ereek; heads 4 feet | 
above curb. Blue 
clay, 40: sand and — 
gravel, 45; clay, 18; 


rock, 11. ~ 
Surface soil, hard 
pan, sand, old 


wood, 4; elay rock. 


va 


i100 feet ‘hardpan’; 
121 feet sand to 
ToCks.5 

5-foot crevice full of 
water with strong 
current. 


Mostly sand to rock. j 


High ridge, nearly ae 
vellow clay to rock. — 
Nearly all bbe t clay 
to rock. | 


60 to 90 feet clean 
clay, “river sand.” — 


Caer 


tea. =, 


; 
s 








- 
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Typical wells in Jones County—Continued. 











nd 
Oo 
m 
. ° Source of Remarks: 
Owner Location A ‘a supply (Logs given in feet) 
oie 
oO v 
A QA 
Feet | Feet 
PUL SheNe eh. 3 Wi. 
(Jackson). 

Frank McNeely ------ Niwa Siieee SC salercU0 ne 2e0! men tes eee eae Heads 127 feet below 
curb, 100 feet quick- 
sand on rock. 

Peeneenieseee aces W.. 4 SW. & see: Bl) 280 |) 200) -.---.- 2. & 

NOMEN GHBROM ese. 5 | NE. + NW. 2 sec. 4../- 260.) 180 | -...--..-2--.----. 

MWatvin Strawmen ..-.|NW. 4 NE. 3 -sec. 5.0], 270}. 262 | 2... 22. ..-.. Yellow clay, 30; stony 

clay, 110; sand, 190; 
cemented sand and 
gravel, 22; rock, 8. 

ime Me weryetencs aoe W. 2 oSW.e dt se0l G2). 1700), 144°) 2s ae Blue clay; quicksand, 
380; cemented gravel, 
4; rock. 

amd BLOW. =. 2a = NE. 4 NE. 2 see. 1122| 143 |22---. Gravel vss 228t ; 

Prank Barly, Sr.-----|Sec. 12 ___-_ an Ati: ee BLS Ne 20D Maan iene aa ake Top of ridge. Heads 
198 feet below eurh. 

Meptireemere Ny LONE it gecestoe | 2c8 |) 220 |, ac-s220 222-2 see All blue clay to rock. 
pe Sti ee TOG Ve 18S Wek ek ee. Heads 115 feet below 
¥ eurb. 

Ben Jobnston __----- NE. 4 SE. 4 sec. 19..| 112} 85 | ----.-.-.-----.. 

HE OAGON s 5a ten. 2 Ws 

(Madison). ie 
___|NE. 3 SW. 2 sec. 6-| 245 DAG IN Soe. ewes eee Ridge. Heads 125 feet 

Die -Brown..=-5-- z a el ig 
SWF eG. Wes cecesce ODOM bt Sand and grave]| Sand at 200 feet; 
Carlston Kettleson -_ a Pee Wadd wheel ect 

IS Wd HRC WLI Eee ee Se Bote G20) eres aos eee aa ae Much sand. 
2 aterm Center of sec. 13___-- $9025 Gravel’ [22-2 - a 177 feet below 
"9 eas curb. 

; ND oN een el oes claps | Loa) (> eek ocasdo asec ce “Surface,” 15; hard 

HOON, lM etter ie blue clay, 25; sand 
and gravel, 10; 
hardpan, 50; sand, 
30; clay, 2; rock, 3. 

sie oe Net NIWiona Se@. i Te) 2881) 280) b=. ee 

ae ne SE. 4 SE. % see, 90:.| 377 310'| .._--.---.----- “Surface,” 10: yellow 
clay and “hardpan”; 
clear send and . 
gravel 225. Not 50 
feet above Bear 

I i 5 creek. 

: 5 LAD OST a ae Se aes ae 

3. L. Finch_____- 28 ins Poco ee 

J. Thompson --- SW. Gh ee LEOn | tee ember Ss 

— Niles ------------- NW. Gomimead (mitotane h a2 hee io Sand and gravel to 
‘rock. Creek bottom. 

E. Anderson OLN Chad se ee eile Sm eee 

este, I. a W.. 

(Wyoming). 

J. Corbit ------------- Gea Ne, SOC ae. ee SO es gee Mostly blue hardpan. 

Israel Sdwards —-.---- Sees Tile ss fe ee hes. 120 E15 | eet Ee eal a 

ANS AS WNL CS pe eee SW. 4 SW. i sec. 138--] 116 Chu ecm ee Pe te 

PRO WATT) ceca so Hye SeisGCs "23, 22a Se 162 vib A & Sch oe eae 

eter eiwer yo. — 8-2... S15 On ab a eee eee ea eR. 88 ills '|| cleo Sry Mot Ne eae Hill. 

cin \ SU a Sho) OW SS ee 170 UNS ee Se 

T. 83 N., R..4 W 

(Greenfield) . 

tae @i0 Sic aaa UW eee bres” SCs Sao OTA WA OOO Mine Seer Te sort All clay to rock. 

mse takes. .5- |S. 4 NW. + see, 3..) 98 Riis eae fee eS te) Nearly all sand. Ra- 
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Typical wells in Jones County—Continued. 
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Owner 


Location 








J; Ho Armstrong's. 
Wm. Breeds 


A. D. MaeCanahy---- 
Peter Dunean -------- 


TSS Neg ese WWE 
(Rome). 

Jane Gauser .-<-.—2- 

Ravds -poots..5.3-2 25> 


H. P. Farnham 
SA RiROD eR acon oat 


B.- Ay Seitriesics ose 


—— Thrapp 
W. R. Vernon-_------- 


Abepiliiovssesits) pele oe eee 


1. 882 No Role es 
(Hall). 


P. W. Mitchell_-_-_--- 
W. & L. Glick... ..- 


B. Meyers 


"|SW. 2 SW. 





NW. 4 NE. i sec. 5.-. 
NW. 3 NW. § sec. 6_- 


NE. 4 NW. 3 sec. 10 
NE. 3 SW. 3 sec. 12.. 


NW. 3 SE. i sec. 6_- 
NE. 3 NE. 3 sec. 7. 
SW. 4 NW. 3 sec. 8_- 
SE. 4 NW. i sec. 10_ 


SE. 2 SW. 3 sec. 13_. 


NW. 34 SW. 3 sec. 17_- 
SW. 2 NW. 3 sec. 25 


SW. 4 SW. i sec. 36 


SW. 2 SW. 4 sec. 20_. 


SW. 2 NE. 3 sec. 24__ 
NW: 4 NW. 3 sec. £7 





% sec, 14)" 


~ 86 


100 
182 


216 
131 


159 
210 





Depth to rock 





Source of Remarks: 
supply (Logs given in feet) 
oe eee ee Low ground. i 
ee Eo ee ae Yellow clay, 20; blue 
clay to rock. 
SE Ee r 


en He oe ee 


wen on oe oe 





“| Water heard running 
_| Soil, 4; yellow clay, E 


“| First rock hard gra 


a 7 59 feet below . 














in vein. 
71; no blue clay. 


flint underlain with 


soft porous  line- 
stone. Plenty gor 
water. 


Heads 48 feet below 
curb. 


Heads 30 feet below. 
eurb. 
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LINN COUNTY. 


BY W. H. NORTON. 





TOPOGRAPHY. 


The salient topographic features of Linn county are two 
long belts of dissected upland, consisting of loess and Kansan 
drift, coincident in the main with the courses of Cedar and 
Wapsipinicon rivers and hence traversing the county diagon- 
ally from northwest to southeast. These ridges rise 60 to 100 
feet above the bordering drift plains and as much as 200 feet 
above the streams which cleave them. In‘places they close in 
on the rivers from either side and leave but narrow rock-bound 
gorges for the pathways of the streams, and for long stretches 
they draw back, leaving space for alluvial plains one to two 
miles wide. Here and there the upland disappears on one or 
both sides of the rivers and the Iowan drift plain comes down 
to the immediate valley of the stream. 

The remainder of the county is occupied by the plain of 
Iowan drift. To the north of the Kansan upland bordering 
the Wapsipinicon lies a drift prairie, the only village upon it 
within the limits of the county being fitly named Prairieburg. 
To the south of the upland of Cedar river is an area of Iowan 
drift prairie fluted with numerous loess-capped elliptical hills, 
called paha, which rise in places as much as 120 feet above the 
adjacent streamways and whose major axes bear northwest 
and southeast. The surface is here further diversified by the 
wide and ancient channel now held by Prairie creek. Fairfax 
and Ely are the villages of this area. 

Between the two river ridges lies a broad plain of Iowan 
drift, on which are built Walker, Center Point, Marion, Spring- 
ville, Mount Vernon, Lisbon, and several villages. The valleys 
of a number of southward-flowing creeks trench the prairie to 
a depth of from 40 to 60 feet. Paha are generally absent from 
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the area except about its margins. Southeast of .Springville, 
however, the plain is divided by a belt of hilly country with 
pahoid crests, leaving on either side an undulating prairie three 
or four miles wide. 


GEOLOGY. 


The uplands of the county are mantled, in some places to a 
depth of 40 feet, with loess, a yellow silt distinguished by the 
driller from the yellow stony clays beneath by its freedom from 
pebbles and by its darker and duller tint. The Iowan drift, 
which eovers the prairies with its brownish pebbly sands and 
light yellow till, is too thin to be of importance in this inquiry. 
The Kansan drift sheet underlies the entire county. To it 
belong most of the blue and yellow stony clays which the driller | 
finds everywhere. In places the Nebraskan drift is indicated 
by a dark till, separated from the overlying Kansan by old soils 
(Aftonian). 

In the eastern part of the county the drift rests on the 
Niagaran dolomite—a coarsely granular, erystalline, buff or 
blue-gray dolomite—which presents two phases. The first, the 
so-called ‘‘lime rock,’’ seen at Viola and at the palisades near 
Mount Vernon, occurs in massive lenses 80 feet thick, almost — 
destitute of structure planes, and also in highly tilted layers 
which afford easy descent for ground waters. The second 
phase, a buff, granular, finely laminated stone, is used exten- 
sively as a building stone; the strata are approximately hori- 
zontal and the joints and numerous bedding planes and porous 
layers offer ready passageways for the water. 

In the central and western parts of the county (Pl. XI) the 
drift rests on strata of Devonian age, of which two formations 
have been distinguished. The upper, a yellow limestone, 
in places highly fossiliferous, is known as the Cedar Valley 
limestone. The lower is an assemblage of strata, chiefly lime- 
stones, called the Wapsipinicon limestone, which includes a 
number of members to which names have been given by the 
Iowa State Survey from places of outcrop in this or adjoining 
counties. At the base of the Wapsipinicon ig a soft, granular 
magnesian limestone (Coggon beds of Iowa Survey) somewhat 
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resembling’ the Niagaran on which it rests. Next in ascending 
order is a variable brown or drab limestone, in places flinty 
(Otis beds of Iowa Survey), succeeded by a series of shales and 
shaly limestones, normally blue but locally black with carbon- 
aceous content, and even containing thin discontinuous seams 
of coal, to which the Iowa State Survey has given the name Ken- 
wood beds but which are considered as the equivalent of the 
Independence shale member of Buchanan county. 

In the latter beds much flint is contained in concretionary 
masses. Upon them lies a heavy bed of broken or brecciated 


limestone made up of angular fragments (the Upper Daven- 


port and Lower Davenport beds of the Iowa Survey), which 
may even embrace some of the underlying beds and in places 
include some of the lower beds of the overlying Cedar Valley 
limestone. In small areas in the county the bedrock is a sand- 
stone or coaly shale belonging to the Pennsylvanian series. 

The limestones of the Devonian are exceptionally soluble be- 
eause of their slight magnesian content, and contain many 
water passages and some crevices where the drill drops slightly 
and in which running water is found. As the ‘‘ Kenwood beds’’ 
(Independence shale member) are more or less clayey, they 
serve to arrest the descent of ground water and to impound it 
within the overlying limestones as in a reservoir. In Otter 
Creek, Washington, Spring Grove, and Fayette townships 
drillers report beds of ‘‘soapstone’’ which are referable to the 
Independence member. 


UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


On the broad flood plain of Cedar river open and driven 
wells 15 to 30 feet deep obtain an abundant supply of water in 
river-laid sands and gravels. 

About the margin of the Iowan drift the loess graduates 
downward by interstratification into yellow sands, which fur- 
nish small supplies for house and farm wells in the areas bor- 
dering paha hills and the Kansan upland, and in some of the 
towns of the county bring ground water into the cellars of 
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houses located on the flanks of loess-capped hills. The lower 
portion of the loess, which is in many places gray or ashen in 
color, may become so saturated with water as to form a quick- 
sand in railway cuts and other excavations, and may afford a 
scanty and inconstant supply for shallow wells. ‘he loess and 
its basal sands are poor aquifers. The loess is thick upon the 
summits of the uplands and of the paha hills; but these uplands 
are deeply dissected and water readily drains out, leaving 
little stored for the supply of wells; and where the land is low 
and comparatively level, the loess is either so thin as to be neg- 
ligible, or is wholly wanting. Wells sunk in loess should, if 
possible, be located where the subsurface seepage follows along 
channels cut in the Kansan drift, as, for example, near the foot 
of a large ravine or where several ravines converge. 

Beds of sand and gravel occur in the drift clays and may 
separate the upper weathered zone of yellow stony clay from the 
blue unweathered till beneath. The sands immediately beneath 
the yellow tills may yield small supplies of water, but as a rule 
wells are compelled to seek deeper aquifers, which may occur 
in sands and gravels (Aftomian) lying beneath the Kansan drift 
sheet, in lenses of sand in either of the older drifts, or in gravels 
lying on bedrock. The gravels above bedrock are in some places 
found oxidized and even cemented to a hardpan through the 
seepage of water, while the overlying till retains its normal 
bluish color, 

On the Iowan drift plain ground water stands high wherever 
porous beds capable of storing and transmitting water are 
found near the surface, but even here impervious thick beds of 
stony clay may force the owners of wells to drill deep to find 
water in adequate amounts in interglacial and preglacial sands 
or in the rock. On the uplands of loess and Kansan drift in 
the immediate vicinity of the rivers and creeks the ground- 
water surface approaches the level of its outlets at the water 
level of the streams, and wells are necessarily deep. 

In general, all these Pleistocene beds have been decreasing in 
value as water bearers, owing both to the progressive lowering 
of ground water since the settlement of the country and to the 
continued increase in the drafts upon them. 








UNDERGROUND WATERS OF THE HAST-CENTRAL DISTRICT 537 


Old soils and accumulations of wood which affect the quality 
of well water are reported from some wells, but are relatively 
so few that they do not seem referable to any special horizon. 
Thus, in sections 10 and 11 of Washington township dug wells 
encounter at about 60 feet from the bottom deposits of 
driftwood with some logs said to show marks of beaver cutting. 
The forest bed here occurs beneath blue clay which extends up- 
ward to within a few feet of the surface, yellow till being absent. 

The Niagaran dolomite is one of the chief aquifers of the 
county. The towns of Mount Vernon and Lisbon draw from it 
their town supply, and farm wells tap it over all the eastern 
townships of the county. The formation measures more than 
390 feet in thickness and rests upon the thick and impervious 
Maquoketa shale which effectually prevents any leakage of 
ground water downward. In the central and western parts of the 
county the westward dip of the Niagaran carries it beneath 


_ overlying Devonian strata along a sinuous line extending south 


from Coggon to near Bertram, and the formation carries with 
it the ground water received on its broad area of outcrop. The 
lower argillaceous beds of the Devonian here to a large extent 
prevent upward leakage from the artesian pressure to which 
the water of the Niagaran is subjected. Wells sunk into the 
Niagaran in the central and western townships ofthe county 
have fair prospects of obtaining a bountiful supply of water, 


~ although in this, as in all other limestone formations, it is never 


certain that the drill will strike one of the water channels of the 
rock. 


BURIED CHANNELS. 


Some exceptionally deep wells in drift indicate ancient chan- 
nels excavated in rock in interglacial or preglacial times and 
later filled with deposits of ground moraine or outwash sands. 
Thus a belt of ‘‘deep country’’ where a number of wells in drift 
exceed 275 and 300 feet in depth extends north from Prairie- 
burg to the Delaware county line, embracing sections 2, 10, 11, 


15, 22, and 28 of Bowlder township. This channel is probably 
a continuation of that of western Jones county. In several 
places farm wells have disclosed such buried channels which 
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cannot be traced across the country with the little data at hand. 

Thus three miles west of Mount Vernon (SH. 14 SE. % see. 12, 
T. 82 N., R. 6 W.) the following well section is reported. It 
will be noticed that the depth at which rock was reached is 110 
feet below low water in the Cedar river and nearly 100 feet 
below its rock-cut bed. 


Section of well 3 miles west of Mount Vernon. 











= 














/ 3 | Thickness Depth 

era te Feet Feet 
Olay; tyellow (0228! ee ee ee ee ee 14 14 
Clay hard: “blue, |pepbly_.2.. es Go PAR 3 ee ef toga eaees 48 62 
Sollyy dark’ “and wood. 2e ee JO". $5-7 6 UE eae eee 6 68 
Olay; blue; stony: oe Soe ee eee 66 134 
Sand. “and* gravel” .2..0 Ao Se eee Bee Se ee SOL LY. 8 142 
Olay; ‘blue, stony -22. oa  e eeee 65 205. 
River.sand. to. rock: 92502 Re eh ee ee eee 6 211 








In the northern part of the county (NW. 14 see. 17, T. 86, 
R. 6) another buried channel shows the following section: 


Section of well in northern part of Linn county. 








Thickness Depti 





’ Feet Feet 
Soll and clay;-‘yellow,.. pebbly..2 22 es eae ee ee ee eee ne 19 
Sand: -wellow se s.22- ee Rixeere arr tee ae, Bye Serb Oe et 4 23 
Olay, blue; changeable from hard te soft every few feet___-_-__------__--__ 190 213 
Sand, . fing, white Gia:5 oe ae ge a ee eee ee 12 226 
Sand, coarsers with "wo0d 522s ee eee ee 12 238 
Gravel, COarsC i/o er Sk a es ee ee eee 3 241 








In towns, house wells are so closely spaced that even narrow 
gorges cut in rock can be discovered and traced. At Lisbon, 
where the rock outcrops or is found within 6 to 24 feet of the 
surface, a gorge half a mile long, 115 feet deep, and about 18 
rods wide extends through the town. The drift, which com- 
pletely fills this ancient channel, leaving no surface indication 
of it, consists of yellow and blue clays with some beds of gravel. 
At Central City an old channel of Wapsipinicon river is dis- 
closed by wells on the east side of the village. It is separated 
from the present channel by a rocky elevation that comes within 
a very few feet of the surface of the low plain on which the 
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village stands. The channel, which is filled with yellow sand, is 
96 feet deep, or 60 feet below water in the river. 

In Cedar Rapids, on the west side of the river, a buried chan- 
uel 60 feet deep extends parallel to the river and separated from 
the present rock-cut bed of the stream by limestone rising 
nearly to the level of the low, broad flood plain on which this 
portion of the city is built. 


SPRINGS. 


No marked spring horizons are found in Linn county, for in 
it there are no outcropping planes of contact of limestones with 
underlying thick and persistent shales. The most important 
springs are those which form the main supply of the town of 
Marion. (Pp. 125, 543.) Other springs rise from the Devonian 
along its outcrops on the valley sides of Cedar river north of 
Cedar Rapids, and: still others along the Wapsipinicon from 
Central City to Troy Mills, but few, if any, are strong enough 
to yield a stream of any size. 

Springs from the Niagaran are found in many localities over 
the outcrop of that formation. Thus the springs in Spring Hol- 
low, at the summer resort of the Palisades of Cedar river, rise 
from the base of cliffs of the Niagaran. A large spring from 
the same formation is that of Granger, on Wapsipinicon river, 
two miles northwest of Central City. The large spring which 
supplies Lisbon may in part draw its waters from the Niagaran, 
Small springs and seepages occur in large numbers where 
the valleys transect the porous sands and gravels of the drift. 


CITY AND VILLAGE SUPPLIES. 


Cedar Rapids.—The public supply of Cedar Rapids (popu- 
lation, 32,811) is drawn from Cedar river and from three ar- 
tesian wells located 100 to 200 feet apart at the apices of a tri- 
angle. (See Pl. XI.) The total capacity of the works is 10,- 
000,000 gallons daily and the consumption is 2,500,000 gallons. 
The domestic pressure is 60 pounds and the fire pressure 130 
pounds. There are 53 miles of mains, 4,200 taps, and 310 fire 
hydrants. The wells are described as follows: 
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The waterworks well No. 1 has a depth of 2,225 feet and a 
diameter of five inches. The curb is 733 feet above sea level. 
The original head was 28 feet above the curb and the original 
discharge 250 gallons a minute; the present head is two feet 
above the curb and the present discharge 150 gallons a minute. 
First water was from 85 feet and first flow from 1,050 feet; 
water was also found at 1,300 to 1,450 feet and at 2,000 feet. 
The well was completed in 1888 at a cost of $6,065 by J. P. 
Miller & Company, of Chicago. Corroded casing was drawn in 
1893. In 1894 the well was reamed to eight inches to a depth 
of 1,450 feet and plugged there to shut off a lower salty and 
corrosive water; no increase in flow resulted. 


The following record of strata is based on only 25 samples, 


and its accuracy is, therefore, open to question: 
Record of strata of waterworks well No. 1, at Cedar Rapids (Pl. XI.) 











| Thickness Depth 








Feet ; Feet 
ae |! 





AUGVIUMM © 602-2555. ooh oo on eee a a a ie ne 
Limestone, light huff, rather soft, magnesian; and gray, very hard, non-- 

magnesian, compact: somewhat fragmenta) in structure__------------_- 40 50 
Limes) ane. grav. snarry, suberystalling__—.---__ 2___ ee ee 85 135 
Limestone, moderately hard, light buff, magnesian__- 40 175 
Dolomite, pink. minutely vesicular, subcrystalline--_-__ 65 240 
Dolomite, hright, hui: Porous) 262224252 2a Se eee eee 60 800 
Do)amite;, herd, light, eray:, /Potous.-2---=-— ae eon 80 330 
Dolomite, light yellow: coarser gra‘ined than that above_-----------.------- 20 850 
Dolomite, hard. light gray. suberystalline; some white chert.-.------------ 95 875 
Dolomite, yellowtsh* like above hut softer:_-.-- eee 45 420 
Shale, fine, bluish green, calcareous, magnesian_--_----------_-----------__-- 200 620 
Limestone, magnesian and nonmagnesian  -.--..------.--------_---.--_--_+ 295 915 
Shale: (2.220 oo os oe Be ee ee a ee oe ts Se eee oes earemeneres 5 920 
Sandstone. slightly bluish or greenish gray; grains of quartz rounded; 

considerable caleareous powder; some gray shale__...--------------------- 65 985 
Shale. . dark’ ‘colored: .33:22°3 got ee a ee eee 1 986 
Sandstone; clean, white grains, rounded and somewhat uniform in size__-- 50 1,086 
Dolomite, light gray, rather hard, arenaceous, fine-textured; much finely 

laminated green | Shale ee aan Ra bos cae ee ein eed ea aman 114 1,150 
Dolomite, gray: with chert. white. and onartzose sand _.. ___- SE ALaee: 270 1,420 
Sandstone: fine, white, rounded grains with much finely comminuted quartz 

and many smaller angular fragments of white dolomite_-_--.--.-------.--- &8 1,508 
Sandstane. fine .- scllowish: <cwater -Deating? 22.2225 ane ae a eee eee 42 |- 1,550 
Sandstone, with slicht admixture of caleareous powder___----------------- 140 1,690 
Shale, tough and hard; small amount of very fine siliceous particles and mad 

some dolomite  ___- PRL ELLOE READ | LES bas,” 10 1,790 
Sandstone: light, reddish _ ‘grains ‘largely. “angular: some with crystalline 

FUCHTE Se oon oes Sad ed we Siete bie meee Se baa pea aerated ek eee eee ey te Bees 160 1,950 
Sandstone, cream colored, very fine- ereined 52 See oe Sh epee ee 200 2,150 
Quartzite, reddish brown; grains angular; rock drilled with great difficulty 75 2,225 





The waterworks well No. 2 has a depth of 1,450 feet and a 
diameter of five inches; cased to 85 feet. The curb is 733 feet 
above sea level. The original head was 28 feet above the curb; 
present head, two feet above the curb. The original discharge 





——~ 
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was 250 gallons a minute; present discharge, 150 gallons a 
minute., Water comes from depths of 485 feet, 1,050 feet, and 
1,300 t6 1,450 feet. Temperature, 62° F. The well was com- 
pleted in 1888, at a cost of $3,205, by J. P. Miller & Company, 
of Chicago. 

Waterworks well No. 3 is of the same dimensions as well No. 
2. It is not now used. 

The Young Men’s Christian Association well has a depth of 
1,462 feet and a diameter of five inches. The curb is 733 feet 
above sea level and the original head is 214 feet above the curb. 
It was at first cased to a depth of 1,372 feet, but as a large part 
of the flow was thus shut off the casing was drawn and the well 
left cased to 85 feet. The well was completed in 1894 by A. K. 
Wallen, of Ottawa, Illinois. 

The following record of strata is based on a large number of 
drillings taken at frequent intervals. Unfortunately, samples 
were not saved for the first 90 feet, within which space the drill 
must have passed through the lowest beds of the Devonian 
system. 


er 
: 

a 

By 
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Record of strata of Young Men’s Christian Association well at Cedar Rapids. 








| Thickn \ Depth 





Feet Feet 
Devonian (95 feet thick; ton, 733 feet above sea level): 
No “samples 2... 2.2. eS ee ee ee ae eee 90 90 
Nonmagnesian limestone, dark, slate-colored, in chips,. argillaceous, 
hard, compact, subconchoidal fracture, pyritiferous; showing june- 
tion surfaces with green clay; smaller chins of light buff magnesian 
limestone, not porous, earthy luster; green clay_---------------------- 
Silurian: 
Niagaran dolomite (349 feet thick; top, 638 feet above sea level)— 
Magnesian limestone, or dolomite, light buff; slightly vesicular, 


i] 
es 
n 


earthy. luster; samples at 95,9106, 9115 sfeets2. es 25 / 120 
Dolomites, buff, pinkish and gray; mostly vesicular, subcrystalline 
and subtranslucent;. 17 (samples-co2- & o6 a ee eee 324 444 
Ordovician: 
Maouoketa shale (276 feet thick: top, 289 feet above sea level)— 
Dolomite, hard, gray, argillaceous; with argillaceous Dowder_-__-- 6 450 
Shale, bluish; intercalated limestones at 525, 565 and 595 feet; 7 . 
samples 2.220 co220 Se eS a ee eee 270 720 





Galena dolomite to Platteville limestone (305 feet thick; top, 18 feet 
above sea level)— 


Dolomites, rough, hard; 6 sampleso2 2 se ee 65 785 
Limestones, magnesian, some cherty;»8 samples__--_---------=----_-- 135 920 
Timestones: briskly effervescent, earthy; in flaky chips; bluish gray 15 935 
Shale and limestone, brown, petroliferous Secs eee 15 950 
Shale, - blue... 2.23 2 ee eee 40 990 
Limestone, bluish gray; in flaky chips; briskly effervescent; samples d 
at 990. and 1,000. feet S62 2 Fis Res ee ee eee ee 35 1,025 
Saint Peter sandstone (20 feet thick; top, 292 feet below sea level)— : 
Sandstone; of clean, white quartz sand; grains rounde’ and ground 20 1,045 


Prairie du Chien stage (355 feet thick; top, 312 feet below sea level)— 
Shakonee dolomite (125 feet thick)— 
Dolomite, gray, cherty; samples at 1,045, 1,080, 1,100 and 1,115 


PCCG) oe ee es oe ee eee ee eee 85 1,180 
Dolomite, arenaceous; in fine buff dolomite powder with some ; 
quartzose grains ~_-___- it a Ta to nae ea ee 40 1,170 
New Richmond sandstone (55 feet. thick) — 
Sandstone; in fine, light yellow quartz sand of angular grains; : 
some dolomite; 3 BAMDIES -a-c~ ote oc ok See eee ee 55 1,225 
Oneota dolomite— 
Dolomite, gray; 12 samples; at 1,240 and 1,380 feet, arenaceous__}_-.-.._-____ 1,400 
Cambrian: 


Jordan sandstone (62 feet penetrated; top, 667 feet below sea level)— 
Sandstone, clean white quartz sand similar to the Saint Peter, but 
coarser; 4 samples; at 1,435 feet, slightly calciferous_._________.___|____________ 1, 462 





This section indicates that the lower strata of water-works 
well No. 1 may be correlated as follows: 

Saint Lawrence formation, 1,462 (?) to 1,790 feet; earlier 
Cambrian, 1,790 to 2,150 feet; Algonkian (?) quartzite, 2,150 
to 2,225 feet. 


A number of moderately deep wells, such as those of the gas 4 ‘ 


company, the starch works, and the Montrose Hetel, draw an 
excellent supply of water from the Niagaran. The well at 
Montrose Hotel is eight inches in diameter and 235 feet deep. 


Water heads 11 feet below the curb and can be lowered but — 


seven feet by pumping. The well is cased to rock about 30 feet 
below the level of the street. An older well 95 feet deep, 
yielded a wholly insufficient supply. 
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Central City—At Central City (population, 558) the Saint 
Peter sandstone will be found at about 75 feet above sea level 
or 912 feet below the surface. Possibly this sandstone, to- 
gether with the water of such veins as might be struck in the 
Niagaran and Galena, would furnish a supply ample for the 
town at present. Otherwise the well should be sunk about 400 
feet deeper, or to a total depth of about 1,300 feet. 


_ Coggon.—Water is supplied to Coggon (population, 471) by a 

well and pumped to an elevated tank affording a gravity pres- 
sure of 43 pounds. There are 3,000 feet of mains and nine 
hydrants. 


Insbon.—At Lisbon (population, 848) a spring whose water 
issues from Niagaran dolomite, near the head of a ravine in 
the northwestern part of town, is pumped to a standpipe. The 
domestic pressure is 45 pounds and the fire pressure 100 pounds. 
There are 16 hydrants and 114 miles of mains. 


Marion.—Water for Marion (population, 4,400) is obtained . 
from four large springs, supplemented for fire protection by 
water from Indian creek. Four springs—the Bowman, Lower 
Bowman, Davis, and Riley—are inclosed in stone reservoirs 
with roofed superstructures and screened openings. They flow 
3,000,000 gallons a day from near the base of the Wapsipinicon 
limestone. The pressure is direct, the domestic being 60 pounds 
and the fire pressure from 80 to 120 pounds. There are 15 
miles of mains, 73 hydrants, and 1,000 taps. The supply from 
the springs far exceeds the maximum daily consumption. 

The records of the Cedar Rapids deep wells indicate approxi- 
mately the prospects for such wells at Marion. Allowing for the 
difference in elevation and the dip of the strata, a well about 
1,500 feet deep would obtain water which would not flow, but 
which should rise nearly to the surface. 


Mount Vernon.—The water supply of Mount Vernon (popu- 
lation, 1,532) is drawn from a well 328 feet deep, ending near 
the base of the Niagaran dolomite. (See Pl. XI.) The yield 
is augmented from surface gravels whose waters are admitted 
to the well, so that pumping draws the water down in adjacent. 
shallow wells. 
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The well entered rock at 10 feet and the principal supply is 
said to have been found at 160 feet. Water rises within six feet 
of the curb. The water is distributed under direct pressure 
and from a standpipe; the pressure varies, according to loca- 
tion, from 45 to 80 pounds. There are 2%4 miles of mains, 42 
hydrants, and 275 taps. The cousumption is estimated at 25,000 
gallons daily. , 

A statement of the artesian conditions at Mount Vernon was 
prepared by W. H. Norton several years ago, when the city 
waterworks were built, but was not acted on, as the supply 
obtained by the city well was considered sufficient. The advis- 
ability of a deep well has been again raised, however, as a sup- 
ply for Cornell College and especially for a swimming pool for 
the new gymnasium. ; 

At Mount Vernon (elevation, 843 feet) the drill will find be- 
low the country rock (Niagaran) 250 feet or more of a dry shale 
—the Maquoketa. This shale rests on a series of dolomites and 
limestones with some shales, aggregating 300 feet or more in 
thickness and known as the Galena dolomite, Decorah shale, 
and Platteville limestone. The Saint Peter sandstone will be 
struck somewhere between 100 and 250 feet below sea level, the 
exact position being doubtful because of the strong upwarp of 
the strata whose axis probably lies east of the town. (Pl. XL.) 
It is probable that the effect of the uplift extends as far west 
as Mount Vernon, and the Saint Peter is expected to occur 
nearer the first-mentioned than the last-mentioned depth. 

The water from the Saint Peter and such as may be found in 
the superior limestones may be found adequate for the college 
needs. The water will be of good quality and should rise within 
50 to 100 feet of the level of the surface at the railway station. 

A deep well for city supply should be drilled to a depth of 400 
or 500 feet below the Saint Peter sandstone to obtain the much 
greater yields of the water-bearing strata underlying that ter- 
rane. To tap the Prairie du Chien and Jordan aquifers, a well 
need not exceed 1,600 feet in depth, and a depth of 1,400 feet 
would probably suffice if the Saint Peter lies as high as there is 
some reason to suppose. The well should be so located as to 
avoid all ground-water drainage lines passing through the town 
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through surface sands and gravels, and should be so cased as 
to absolutely exclude such waters. 

Springville—The water supply of Springville (population, 
588) is drawn from a well of which no report has been obtained. 
The gravity pressure from standpipe is 62 pounds and the 
direct fire pressure is 120 pounds. There are nine hydrants and 
one mile of mains. | 

Walker—Artesian wells at Walker (population, 517) should 
find the Saint Peter sandstone about 965 feet below the surface 
or 75 feet below sea level. From 540 to 310 feet above sea level 
. (850 to 580 feet below the surface) the drill would pass through 
dry shales (Maquoketa) which should be cased. Water would 
probably be found in small quantities in the Devonian and 
Silurian limestones, which overlie these shales, and in the Ga- 
lena and Platteville limestones which underlie them. Prob- 
ably sufficient water could be found in the Saint Peter for the 
present needs of the town, but if not, the well should be carried 
to about 1,400 feet below the surface to tap the large stores of 
the Prairie du Chien stage and the Jordan sandstone. 

The water will not flow at the surface, as the head in the Saint 
Peter sandstone can hardly be higher than 100 feet below the sur- 
face. The upper limestone waters will probably rise higher. 

Minor supplies.—Details of water supplies of minor towns 
and villages are given in the following table: 


Village supplies in Linn County. 




















Hw 
o 
3 z 
a se 
Town Nature of Supply = 3S 
S ele <2 
5 53 oe 
a A BS 
Feet Feet Feet 
AIDUTNGHG oss coce nose POTINOG  WOlS = oes eer eee a aa CE AY, | aes Sa | 
Beturatt ee. --_| Drilled and -driven. wells...-.i2.-._..- A DF al ee a 12-75 
i Tile D0 ye oe eee PMI ee NS! SF solo Sen ek eae 15-175 15-130 80- 50 
2 Cea See eee Open, drilled and driven wells__---- 17- 48 20 10+ 
Poirtax ee ee EIN PO DOT Te ae onoe de eee ere eee oe eee Pea ee one eee aah (bon eueceenn 
MOEN AVitos cu ccconcukosoe oP OTULLGCL WO lig eee cee ok ee Le nS HOA OOn ee tee eat ee et Ss es 
bt, ea a Muelis andl cisterns <2. oe ee 25- 50 100 10-95 
PYRIPIGDUTE 2 coo HPOYIHe Gy WELLS) Some een en ee tae SE aes 8-100 
NC PITIVEN? WOlig) eae esheets 18— 24 PLS eRe pe 
eno eee PaCS eT ND TODO Ui accuse a oe, ee eles a ‘aia Beate: TE Shs Lal 
2 SS See See Drilled. wells and cisterns_-----..._.. BO= 85) eee ee ee 20 
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WELL DATA. 











The following table gives data, largely gathered by the na ay 
Dr. Martin J. Iorns, of the Department of Agriculture, of Pe 
ical wells in Linn ornives 


Wells in Linn County. 























mu I 
is} F 2 — 
6 2 2h vet 
é 5 : o.8 Remarks: 
Owner Location 3 £» | Source of] Se | (Logs given in 
FI Fe ae supply | go wWiteenjas 
B e |} Se 33 
fa a =e a 
T"86.N., R15 W 
(Bowlder). 
Feet _ Feet Feet | Feet 
T. Cushman -. -_|SE. 4 SE. % sec. 1 160 160 155 ee: ache 
roc 
A. MeDonald -...|SE-. 3% sec. 4... 160 160" Sees ie | ee eee ; 
DeSMclvoyy-c 20 SE. 4 NW. 2 sec. 160 ThS see eee Limestone_| —60 |All ibe and blue © 
4, clay; no sand. 
E. C. Bebb_..-..-|SE. 4 SE. 3 sec. 8 45 QO hse 2 cael = Staal eee 
5025 BLO) ole (roe a oo NE. 4 NE.-4 sec. 170 os, ak a ‘Limestone_ bes All clay; 10 feet 
9. | red sticky pe 
(geest) on rock. © 
D. Hennessy--__-- ae % SE. 3 sec. 160 160225 ee ESS Sree. : : 
. : - N= GO 
S. McAleer ._..- a: 2 SW. & sec. COW eee 125 jSandstone_ eae a 
D. Hennessy NW. Mee Oana hee -| ena at 3085 2o ee ee 
Creamery. 
W. McAleer _-___- NE. 4 NE. § see, 130 150"|" ee NS eee eee 
13. 
©, -LeOlaire == _..| NW eonee: wise = 160 160) 2 Sh See eee eee 
W.G. Zimmerman; SE. } NW. 3 sec. 160 260 ji Sah soe ee eed : 
15. jg ee 
W. McEvoy ~------ pe 4 NE. sec. 60 40 2sncseeu Limestone-| —40 |Trace Bet geest: 
a on roc 
J. W. Braselton._| SE. 4 SW. 2 sec. 95 Cy eee Sand ...--2 —15 Seo 385 feet 
ibe deep to rock. 
Pe MeMurtin..-_- Pay SINE, se SPC ese 345 2S ee ee ee ; a 
0. : oy 
Ei Berlingham ann! S Wie OS Wis A BEG eeneeen GG ogee ete Gravee All gravel to rock. > 
21. ' ‘3 
Gr Gowan +2252 NW. #4 sec. 23__- SOB Yeas 276 |Sand __--..|—103 |8-foot sand bed, 
at depth of 25 
feet; consider- 
able water from. 
276 to 303. Sand — 
and gravel with» 
water. 
Pe euy all) eco ee 4 NE. 3 see. 180 180 enews (On TockK=. <\a-=-— 
By 
M. A. Leonard -- on x SE. 4 sec. 313 By ees aeons fr a ee oe 
©. ‘Bundall... | SW. 4°SW.d nen) | 2200 eee ee From 220 to 230, 
28. “soluble” . 
clay. ° 
J. I. Henderson--|SW. 4 sec. 24. 150 150 2.2 ae -On PORK See 
pS panels. - tlhe i NE. 3 sec 80 BO! aes On Trotk22). ; 
40 
dae PlOWBE cee" are 4 SW. 3: sec. 195 185 195 |Limestone_|____-- : 
A. Kula 22202] NW.'s NW: t'sec.| G65} Ace) a Sand and |__-_-|Yellow and blue — 
26. gravel. clays, 150; sand ~ 
: and gravel, “15. 
DP Valantazie=sse By 2 NW. ¢ see. | 50 60: We coacs .| OR TOCK 224 | te a he 
Lag 
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Wells in Linn County.—Continued. 
H HH 
os 2 ° 
S S oe 
mS ee oF Remarks 
Owner Location = Ee | Source of | Gz | (Logs given in 
s a ae supply a) feet) 
2 rey a5 ie) 
o @ oR o 2 
QA QA (a) ee 
Teet Feet Meet Feet 
Daa Sw. 4 SW. 3 sec 50 20 Lees | Limestone2|>2 
Zi: 
Prairieburg —----- NW. 4 NW. & sec. 120 OCOD cotetacrc On: Times" /e2=2-5 All blue clay. 
28. stone. 
ee WV alee. se Biwee seese 28-—.2 50 Digtaoess ao) OD SOCK ciao nea 
A. Burnside __.--.; SW. 4 NE. 3% see 120 aU Ng) Lp eit ee Need _.___.|Yellow and _ blue 
: 30. clays to rock. 
ida BOISKy hoc. Aut % SE. 4% sec 120 PO MNES <Bscml Mex eee Ee sel 
CA es Eitlerss --_ Nw. 4 SW. +t sec. 188 88 188 | Limestone-|_.....|Loess, 45; blue 
34, clay, 15; sand, 
10; blue clay, 18; 
limestone, 100. 
M. C. Walker_--_-- ba 2 NW. 2 sec 92 AO) Ali ee oe Limestone_|____--|All gravel above 
34 rock, 
A. Lawrence -_---- See eON Ty (ds BOCU 2a ns cae Fic |\ CAROL ORs aoe eee ee —14 
Ds 
ee FOlUp.>-.-. Dias NGG as SCs |e ceo dog eetess ee. (eee ee fae Yellow clay, 30; 
36. solid blue clay, 
119. 
GAC aee- (OW. & SCC; 362.|---_-- a CIE lee een | ee eh esse 
T, 8 N., R. 6 W. 
(Jackson). 
Lawton Estate -...NW. 4 NW. 3 sec. 180 40 180 |Limestone_| —40 
: I 
W. H. Sherman-- he 4 NW. 3 sec 180 LL hay ane a (er aL EE eee) AS 
Toto Main -.\-.- NE. 4 NW. 3 sec.| 160 3 Lae LON Ieee ee: 
J. H. Ashby__---- NW. 4 NE. 3 sec.| 125 pe ae OM) oe ee Re —25 
ies WeDD.=-=5— NW. 4 NE. 3 sec. LOAM | os Sa Pea. ALA VOl a=) —=L0 
S. N. Joslyn_.---- Sw. 4 SE. % sec.|-----.-. Are | als Sie eam (Racers 
Da 
¥F. M. Philips.----| NW. 4 NW. 3% sec. 180 1800 => a (On Yock.>.|-..2s+ Yellow clay, 15; 
an blue clay to rock. 
rd. Castle __.-- SW.) & sec. 62... 140 40 1 la ee eee ete 
OLS) 1 E Se eee NS 4 SE. 3% sec 100 100, (Cae ee Limestone-_|_-... 
te sw. Crews weer aes te” nia Yc 
§. M. Dennis .-<--| NW. % NW. 4 sec 75 50 75 |Spongy —50 
: vi limestone 
We poone, .——_---| NW. 4 ‘sé¢. - 7__.. 100 40 MOOT TES aoe and eae ae 
H. Henderson ----/SF. 4 NE. 4 sec ECT Mi per a et On rock_-.|—126 |Yellow clay, 20; 
9. sand and gravel, 
20; blue clay to 
limestone rock. 
Gas On ys .. NE. £ SW. 2 sec. 232 230 JSON Sand sos —50 |Yellow clay, 20; 
9. blue clay, 160, 
clear sand, 50; 
: limestone, 2. 
W. McTavish ----- SW. 4 SW. i sec. 240 CAN NGI la aes = ah Ue A et a eae Yellow and _ blue 
9. clay with layers 
of quicksand. 
i Henderson —---| SH. 4 ‘sec; 10-2.-|-_.---.. Tne ees Sand.-2-2-- --..../Yellow and blue 
clay, 166 feet; 
sand, 5 feet. 
W. J. Woods----- SA 4 SE. 2 sec 122 TGR eee ese ROCK oi - 2] —11¢6 |All vellow and blue 
clay. 
C. B. Chesmore--- aN % NE. & see 180 TSO eee cl HON TOCKe see ecaa. 
O. Woods -_--.--- NE. 4 sec. 15.--.| 202 BOE eeeeiapmn eon e. —102 |Sandbeds. 
Gy Horest ...-..=~ Mon % SE. 3 sec 140 Ifa RP ee 2 a ee | ee Blue clay to rock, 





* Approximate. 
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Wells in Linn County.—Continued. 



















































ate ae a. 
S 3 oe 
bd = Se) - Remarks: iy 
Owner Location 2 £» | Source of | Gs (Logs given in om 
r= 4 Se | supply | oo] feet) 
eV See 33 
A = a mS . 
| Feet Feet Feet Se 
EP LON giseseen ns eae. x SE. 3 see, 142 20) |S esea “Shell- | —60 Blue clay to rock. 
rock. ae a 
Ons Avista | ay. + NE. 2 sec. 185 1853 22) eee =< 
P, I. Henderson. si "4 NE. see. 85 | nn | nee sn] ee ame A 
Dis 8 more layers 3 _ 
; feet thick. — 
fom s) iE ti foenen pee SW. 2 NES 3 secs |e en MAR Ey with | 
25. streaks of grav- | 
; el; blue clay to 
: rock, 
8S. N. Kruetzer_-_- pg 2 SE. 2 sec 126) 326 {i.e On \rock2=2|2 2-8 
26. : 
Bed. 'Hall._.-.—| SW. 4 SE." # see 70 MOON oe eee 
30. 
J. D. Moles_+--- NW. 3 sec. $82... 140 149 | Limestone_|_—--. Pat a 
B. W. Long------| SW. 4 SW. 2 sec 140 --------|--.---------|------/Yellow clay, a 
82. blue clay with © 
sandy layers, 75; — 
yellow sand 
chee a 
i gravel, 6. 
J. Blodgett --.-- ae 2 SW. 2 see. 10 (|< WOU Saeco ate Se {ene ; 
J; B-otone 22 NE. 4 NE. 4 sec.| 100 100 |Limestone_|__-_-- 
6. # , 
O. Gilchrist ..--.|NE. 3 SE. 3% sec. G7) | A Sa RES ieee eee Yellow clay; lime- 
29. stone; blue sand- 
stone; shale; a 
little coal. 
7.86 N., R.7 We 
(Spring Grove). 
Oe ereyton: S.2e = SE. 4 SE. i sec. 2008). 20 jae see ee eee —25 
3. 
James McKnight-;|SE. 3 NE. 3 see. 180 || eS 2 ee ere Rock from near 
8. surface. 
G._G..> Gardner. . 2 NE. 2 sec. 185 aveesed |p Pee eS ee 
3. 
SB. Mills’ Set ny 2 SE. 4 sec. 40 sacs (Gra velso aeese 
BH. ©. Cook.-22|SW. 4-NE- 4 gee: 252 netewcn = |b sce ceean te Ss CO weere ae 
20. clay to rock 
small vein. - 
W. D. Bucklon_..|NE. 3 NE. sec. 1405) > S20) Les ee ee Dark shale (Inde- 
22. pendence) at bot " 
: tom. ; 
F. A. Wilson ---- he 4 SE. 3 sec. TOO! > S20 Na eee ee eee iat 
W. Forest .-.-..|NE. 3 NE. 3 sec.| 140 pp apditees Oa 5 Oe). lYellow clay, 20: 
j 25. blue clay — with 
bowlders, 100: 
very hard a 
limestone, ty 
Hao limestone 
E. D. Powers---- ae 2S Wee SOC.) s oe do cee ee eee 
J. F. Robinson_- NE. 3 SE. sec. 240) | 0" (OB ak eet Rae eee “ 
©. Robinson ----- SE. 4 SE. 4 sec. Tieng ty Seer mee: 5 On rock.-.| —20 |Yellow clay, 16 
82. blue clay, 38, to 
: rock, a 
A. G. McBurney..|NE. 4% sec. 34... 150 150 |__.___--__..| —60 |Rock, very p 
: ous, 
Sisler Estate -.-.| NE. 3 sec. 36_-.-- TOB"\" 9 (809) s2c2425-] aoe ee Sees Yellow clay, 
| blue clay, 








black shale, = 5 
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Owner 


1 Sra VU Ma. bb rea 


T. 86 N., R. 8 W. 


(Grant). 
Sle VV CIE ist sae, 
MW. Darrow —---.. 


W. H. Newland_.| NE 


M. Hazeltine ____ 


C. H. Nietert__--: 


Mee lite <3) 


M. A. Hamlin_--. 


T. 8 N., R.5 W. 
(Buffalo; part 
of Maine). 

Me Mousék 22.2... 

J. Bouchtela —.. 

BY OMI o22S255. 

W. Johanek -_-- 
(Two wells.) 

J. MeNamera ---- 

Story Estate --_.. 

LOO io 

Aad 54 :'-| a ee 

Poe weslly so 

W. Jackson 

Mr GVAGi onc o 


. J. Anderson ----. 


G. Minehart --.-. 


Wells in Linn County.—Continued. 


Location 


ae 3 NE. 34 sec. 


wee 3 NW. 3 sec. 


. 


NE. ra 4 sec. 21 


. 3 SW. § sec. 
28. 
NETS So Bee, “S225 - 5 
NW. 34 NE. 3 sec. 

84. 
ae 4 SE. 4 sec. 
NW. SVSCC) ole 
SE. 4 SW. 4 sec. 
bak 4 NW. i sec. 
sw. 4 NE. i sec. 
NE. 4 SW. 3 sec. 
SW. 4 NW. 3 sec. 
Be 4 SE. 2 sec 
NW. 2 SW. 3 sec. 
SE. 4 NE. 4 sec. 
SE. 4 SE. 4 sec. 
NE. % SE. 3 sec. 
SE. 4 SE. 3 sec. 
SE 4 SW. 4 sec. 


| 


5h 2 NE. 3 sec. 
SE. 2 SW. 4 sec. 
15. 


cack 2 SE. 3 sec. 


33 


100 





Depth to rock 


ty 
8 
no 

DS ct 


30 











Source of 
supply 


Depth to water 
Head above or 
below curb 


Feet 


—— —18 


On rock... 


aan a oe oe oe | = = 


Sand- | —17 


| stone.” 


Gravel.__-_-| 


100 —40 


On rock... 


oe A0re—— 


On rock---|§ 
Gravel__-.. 





-|Gravel___-- 


Gravel --.- 








Remarks: 
(Logs given in 
feet) 


At 140 feet thin 
layer of dark 
shale (Independ- 
ence). 


Dug well. Loam, 
5; yellow clay, 
stony, 5; blue 
clay, £0; rock, 3. 


Yellow clay, 15; 
solid blue clay, 
25. 

Yellow clay; blue 
clay; sand, blue 
Clay at 180 feet; 
gravel. 

Yellow and _ blue 
clay to rock. 

Drift, 130; lime- 
stone, 40; blue 
“marble,”’ 16; 


“sandstone,” 17. 


Yellow clay; blue 
clay with layers 








of sand; ‘‘sand- 
stone,”’ water 
bearing, at 1¢¢ 
feet. 


Yellow clay, 25; 
blue clay to rock. 
Northern blue clay. 


Northern blue clay, 
some sand and 
gravel. 

All gravel. 

Do. 


All gravel and 


sand. 


All gravel to rock. 
Mostly blue clay. 


Creek hottom; all 
gravel. 

Mostly yellow 
clay. 

Mostly sand and 
gravel. 

Yellow clay, 30; 
blue clay to 
rock. 


Ridge. Yellow clay, 
80; blue clay .o 
rock. 


“| © mao € 
USES Pa be ty, ES 
‘ A js ite Tost a ie 
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Wells in Linn County.—Continued. 
H he . 
2 1< 28 pe 
Ne e $5 Remarks: 
Owner Location S & | Source of | Gz (Logs given in” 
a gq ae supply | ~° feet) 
~ we + tes} 6 
5 5 oa o> me 5 
: a A a = rake 
Feet Feet Feet Feet 
Jee Gey Dennyn-- ee NW. 4 NW. + see. 105 SQ uta ters ee eee |e 
19. 
J. O. Kennedy____|NW. % sec. 20-.- 60 20 60 |Showing |_-___. 
water in 
. ee, > ms 
F. Richards ______ SE. 3 NW, i sec.|-..-....| 160 |____.__.| On rock...|._.___|Ridge. Yellow clay, 
7 : 30; blue clay to 
rock. 4 wi e: q 
De Oy Pech iso NE. 4 NE. % sec.} 180} 80] 180 | Shelly lime-|-_-__. im 
25. stone. ) 
S. L. Bowdish_.__ he 4 SW fe secal eal te ale es ee aus -o--nskas|-0<-— =| MOREE DIaeE clay. 


S. F. Bowdish___. NW. 











SON. 24-once sn 200 dts eee, seu ce wenn sou|-ancee MEOW ae Glos 
82. ' sand with so 
: water at 40; b 
clay with stre 
from 60 and 
Z rock. Ai, 
NW. 4 NW. 3 sec. 297 289 |... -....|----+-------] 89 | Yellow =) clay yuma 





T. Wilkinson _____ 31. blue clay, 100; 
rile eens 1A 

ue clay, 184; 

won fos 8, 7 

¢ NW. 4 NE. 2 sec.| 120 190° 2 2) coca eee irst eet Guest 

A. Shanklin -.....|NW. 4 a blue clay from 40 
feet to bottom. 


T. 8 N., R.6W. 
(Part of Maine). 


ie omith he... 


G. Nightingale____ Sw. 
©. J. Chureh_____|NE- 
G. M. Rogers_____ NE. 











eee On —30 |Pockets of very 





SE. 3 NE. 2 sec 100 i 75 
Ribose sticky, waxy, 
yellow clay. 
ne Bi % SE. 4 sec.| +240 TANG Fees «See foes TA BS ee ; 
7 4 SRBC on bee see 185 ay (Hi ae se Pree ries 5 Yellow and Db 
clay to rock. — 
x 41 SE. 2 see. 135 185. {_-..__._|On rock...; —95 Do. 
} 3 NE. 2 sec. 240 PPI RE te ao apes ps ee ee | —70 |Yellow clay, 
ee y blue clay, 


shell rock 
gravel, 32; rock, 
2 


Creamery —.....-__ NE. 3 NE. BEC. fase see 245 |..____-_|--------.--_| —70 |No sand; nearly 
wid blue clay. is, 
Martha Taylor ___|SE. % NE. 3 sec. 238 28S ose oi ental oo] = ae Yellow clay, 30; 
er ae blue clay, 200; 


W. Butters __._...|SF. 3 SE. 4 see. 2380 190 3) Sc Sale 2 ee eee 


ik Bat - 
M. A. Benton_.___ NE: 2 SW:..385e0.|seee eee 180 |_--—_..|----__.=...-|.-<22:/Blue: clay airommeon 
8. - to 160; yellow 
clay, 25; over 
ing rock. 
Goldsherry and NW ie SW is sea ee AN | (Ree oo PN Cte a Ca 
Haskell. 10. . 
Of Orda a2 -35.5 a 2 SE. 4 see.|-2 2 Bb Ae eee oP we wee ; 
E. Finsen --.----..NW. 34 SW.-% sec. Sj 284 ees Sarid and: |/<2eee. All sand and gr 
15, gravel. el. 
Tid se hOCd, case ed % SE. 3 sec. 90 50 90a) eae ee ees 
oO. 
J. MeLead ----..-|SE. 4 NW. 3 sec. 100 As 2> LOO) eee Sand and |-_----- Do. 
15. gravel. 
A. dl. Crosbycce- NW 4k) Sls ot) BOCL cence Boe 100" ooo oie Soe ee cueee peel 






sand, 8. : 











16. 





pts We ee 
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Owner 


Wells in Linn County.—Continued. 


Location 


Depth to rock 


5 


1 





Source of 


ie, 
a 
a supply 
=) 
na 


Depth to water 


Head above or 
below eurb 


Remarks: 
(Logs given in 
feet) 





GO; 


E. Brewer 
See eeCcOtl.._ 5... 


M. Stickney 


Stickney —.--.-- 


F. s 
Ate 2 NORN=: 


G. L. Jordan---__-- 
A. M. Kennedy-_-_-_- 


A. 


SOmGlargpe . 2. 


Millers2s 22s 


. K.- Balderson. - 


G. 


W. McTanst ---.- 


Ts 86.N...B. 7 Wi 
(Otter Creek). 


Comebamans=. 


Pa DowmMal 2 





W. aoa | 





_Nightingale_-_-- Be. % SW. 


NW. 3% SW. 
27. 


SE. 2 sec. 


NE. 4 SW. 
29. 

NE. 4 NE. 
33. 


iH 


ad 


AH 


Cd 


sec, 


sec. 


sec. 


sec. 


sec. 


sec. 


sec. 


203 


135 








Feet 
118 


137 


150 


64 
100 


Feet 


| ee ee ee ee 


woe nnn | - -- -- -- -- 








Hees 


—63 


Soe aeeee OLAV Clea |e 


eee ee een eee SANG 








Yclow clay, 30; 
blue clay, 75; yel- 
low clay, 13. 


Yellow clay, 30; 
bowldery blue 
elay to rock. 

Yellow clay, 40; 
blue clay, 80; yel- 
low clay, very 
stony, 30; yellow 
rotten limestone, 
10. 

Mostly sandy blue 
clay. 

Quicksand; no wa- 
ter. 

Yellow clay, 0; 
blue clay to sand 
on rock. 

Yellow elayv, 30; 
blue clay, 90; 
sticky blue clay, 
5; blua clay to 
thin sand layer 
on rock. 

Driftwood on rock. 


Yellow clay, 20; 
blue clay, 15; 
sand and gravel, 
15; blue clay, 50; 
quicksand, 20. 


Drift, 73; gravel, 
15; blue clay, 19; 
gana and gravel, 
56 


Thin sand streak 
between yellow 
and blue clay. 

Yellow and_ blue 
clay to rock. 

Thin sand _ layer 
with a little wa- 





ter between yel- 
low and _. blue 
clay. 

Sand and_ gravel 
from 100 feet 
down. 

and gravel 
throughout; rot- 
ten wood at 350 
feet. 


Solid blue clay, 90; 
soft blue clay, 
solid blue clay to 
rock. 
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Wells in Linn County.— Continued. 
os 3S 5 
i S 25 
s - $5 Remarks: 
Owner Location 2 £,, | Source of | Qe Logs given in 
| r-| ae supply ai) feet) 
we) ~ ~ = : 
2 | & | Be 33 
i=) A ee isn] 
Feet Feet Feet Feet : 
G. Dolderer: =-222- Sw. 3 SW. & sec. VE fooccene, “Sand- | —66 |Sandy yellow clay, 
14, stone.”’ 20; blue clay, 40; 
sand giving off 
strong currents 
of gas, 5; gray 
clay, 5; 
eo ee to 
Tee wishel NW. 4% NE. 4 sec. SO Sooo acer eae Sig midis udeees 
32. stone.” 4 
NW. 3 NE. i sec. 92 3 y2 | .-.. do-...| —22 |Soil, 3; limestone, 
Pea AIBT) one c ee 83. i soapstone 
(Independence) , 
Pe: “sandstone,” 
Me Karch) oo oes See.” 84" = ee 70 68 |....----|In upper —58 |Yellow clay, free . 
layers of from stones, 18; 
rock. tough blue clay, 
TT, 85 N., R. 8 W. 
Sa bb: 
art oO ayette). 
& R. Elliott 5 wee : = sec, 1--- eee ome ae ae Sorte a —4 ae wood at 0 
eet. oe 
H. H. Martin___.|SW. 4 SW. 3 sec 248 bib hg esate a | pees fe ae ...---|Yellow pebbly clay 
2. 20; blue clay with 
bowlders, 111. At 
220 shell rock and | 
mud seams; poor 
supply of water. 
W. H. Stewart._.|NE. 4 SW. % sec 95 95 |.-------|On rock... —26 |Yellow clay, 20; 
4. | blue clay, 65. 
J. Rorer aes NE. 4 NW. ¢ sec 96: | Samcconl pcos nl oe ocean —26 |Clay and sand, 35; 
5. black muck, 3; 
sand and gravel. 
Cemetery, Oenter|-------- ------—--- 160) joo sen}-8e ee oe ne ee —60 |Limestone, streaks 
Point. of shale, thickest 
I being 10 feet. 
D. W. Esget_-__.|NE.. 4 SE. 3 sec 110 110) | See | Sele eee _...-.|Yellow stony clay, 
- 10. . _| 20; blue clay, 90; 
: soft limestone. 
M. Wilson ______../SW. 4 SW. 3% sec 180 180) (ono on Gravel and| —60 
14, rock. 
H. D. Newland___| SW. % sec. 17----- OOo ee eee Sand and |-----. 
gravel 
Jee eiter a oe Bae Sw. 3 NE. 4 sec 183))22 eh ee Velnein: ..-.--|Blue_ clay, 
15. clay. strong water 
; vein; blue clay. 
Py -MeGuit’....03 Sw. 4 NW. 3 sec. 80 60 80 | Limestone-|-.---. 
13. , 
Thompson §. ‘ 
Walctoy foo eee SE. 1 NE. 3} sec. 120 TOON eee On rock-...|---—-. Yellow clay, 20; 
PAA blue clay, 90; 
hardpan of ce- 
Hay. pebbles. 
F. P. Kratzer_....NW. 3 see, 21..-.. 108) ke ey SE ea ees -----. |Soapstone, 8 or # 
ue thick at 120 
eet. ] " 
J. Ashlock —---2-- SW. 3% sec. 26_-..- 74 14 74 |Limestone_|_---..|Gravel to rock. ’ 
T. Newman ---.-.) SW. 4 NW. 3 sec. 7 Py eRe Slee ee Gravel-____|-.._.|Yellow clay with- — 
Dts out pebbles, 15; — 
light blue clay to — 
gravel, 30. : 
M. Schmickle_...-|NE. % sec. 24----. 84 bf eee (eae er Pe ery Drift, 18; lime- ~ 
stone and shale, — 
8; dirty coal, ¢ if 



































to 8. 





yellow 
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Wells in Linn Cownty.—Continued. 
w ao 
od o ° 
s | 3 22 . 
Ast = os Remarks: 
Owner Location S Sp, | Source of | 4° (Logs given in 
= g a6 supply | 43 w feet) 
Bi a a5 39 
© o OF oO 
| A QA (a) q 
Feet Feet , Feet Feet 
Ny (MODGY) 2.2.2. Ne ees BCL Soe 75 BO eee EN ee re ee es = 
E. T: Pickerel_._._..SE. 4 SE. % sec 178 Fe ee ee [a ee eee ee Some shale near 
31. bottom. 
T. 84N., R. 8 W. 
(Parts of Fayette 
and Monroe). 
S. McClintock ...|SW. 4 SW. 3 sec. OOD ras wee Sa oe Sand <.... ~-eeue| Yellow clay, 15; 
: 4, solid blue clay, 
180; sand, 30. 
IN OF side 4 SE. 3 sec. 238 gE hy fel [ee ae a No sand. 
eee INE. £ SE, % sec.| 218 a 1a a ea ee gaa ae (RP Mostly clay and 
5. rock, 
£ © Agair.._..-. igs 4 SW. 3 see. 100 MD Mere hie soot | Stam aes aac co: oe) Sees 
S. B. Mather___.. ne z SE. 3 sec. 200 EU as es) ee ee ae 
me Shurtiit o....|Ne..% sec. 7-——. 164 Es ies de ER eee ae ee Yellow clay, 10; 
blue clay to rock; 
rock sandstone; 
no limestone. 
Weehalsbock..o...|SE.: 4 sec. © 7_.5..4 58 ABT cote tes meen noe oes. Feat and _ black 
clays, 20; auick- 
sand to rock; on 
an old lake bed. 
fee Lewis... Nise 4 8eC\ 6225 5— 262 140 TOU tats Score eee Yellow clay, 40; 
. blue clay, 100; 
rock, 
A. McManus _.__ |SE. 4 Ne. 4 sec. 138 ppl 9 a eas ao--e.|Almost entirely 
8. sand to rock. 
W. H. Rahde___...|SE. 4 sec. 8_..... 53 CW eet eine | Ks 2S pa nes CH A A little quicksand 
on rock. 
ore py esis. SW. 4 NE. 3 sec. 9 97 Y(i oi BL. oe, ail CoN ie Rees es ee a a 
L. F. Wright--_- NE. 3% sec. 19_-.-. 80 20 |_...----|Limestone_| —40 [On high elevation. 
GuBenttyv.22 = = EC 29) Setesee nas as 82 SPAS eee ee See oe hee 4c 
Geenake s2.)-_s INW..< SW. 2 sec. 174 50 174 |Crevice in | —10*|Soil, 10; sand, 43; 
29, Independ- thin bed of yel- 
ence shale low clay; blue 
member. clay, 30; lime- 
stone, 20; shale, 
: 15; rock; coal 
layer; hard pyri- 
tiferous stons; 
sulphur - bearing 
rock at 165; wa- 
ter sulphurous. 
Pee, wWilse.2.2... at % SW. 2 sec. 135 BO ieee acinar te ea atch 
33. 
ee ADO sonets. =~ SE. 4 SW. 3 sec. 47 30) pesca [In crevice |_.--._ A little yellow clay 
30. in rock. mixed with soil; 
blue clay to rock: 
on coal or shale. 
Robert J. Hoff-...SW. 4 SE. 4 sec. 140 25 ay al Res oars We —4 |On hillside, tapped 
12. with pipe and 
flowing. 
10) 10k) ee SW. 4 NE. 3 sec. 48 cL Peek oe at <1 ib s Wc Geol (eee Yellow clay with- 
12. stone.” out pebbles, 16; 
sand, 4;  blu2 
clay, 20; “sand- 
stone,” 8. 


* More or less. 


» 


y 4 pe) See ee ee ee ee 
. ‘ oe 


ek ak . i ry . i 4 
¥ 
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Wells in Linn County.—Continued. | 
































5 5 
3 = oe : 7 
} = Pee ; 
3 as) Remarks: 
Owner Location 2 Ey, | Source of| Se] (Logs given in 
; Poll a =i supply al feet) ‘ 
| 8 | Be $3 
faa) A aes q 
NS 82 IN sow ; 
(College). 
SE. 2 NEL 3 aha Feet Feet Feet oe Ge nth . 
i Tresises=--—— f ¥ sec. LG) ee are alee ee Sand’. 5-aiceeees Ss. ay; D 
ee 23. ; clay, 55; black 
soil, 2; layer ot 
light | gray soi! 
‘sand to bottom. 
7, Buresh -----—- SE. 4 NE. 3: sec. AO) eae eo | ee ee te gic Se) ee All sand. bal 
35. é 


T. 92 N., R. 6 W. 
(Putnam; part of 
Bertram). 

J. Cack ---------- ei 4 NW. i sec. 100 60 
Havlicek ------ sk. 4 SE. 3 sec. 170 75 
Rohakeeces=——— NW. % SE. 4 sec 196 Cla ee eae Limestone-|_----- Rock bedded 

this point. 
Bartosh ------- SW. Be NE. i sec. 182 100; Eee ee ee oe ; ‘ 
i ae NE. 4 NE. i sec. 50 |...---2]2...-.---|Sand -_-2Ule cana) COnmamre tae 
sand, 35 

. Pisarek ------- SE. i NE.2 sec. 32 125 128). = ee ee 


g4 N., R. 6 W. 





BEY SH 
>) 
fo} 
i=] 
nm 
te) 
Led 















(Part of Marion). i 
E. R. Mason------| NE.4 NW.3% sec. 4 TIO. a oe Sea +4 |Dark sand, 100; i 
gravel. clean sand grow: 
: ing coarser to © 
bottom, 70.0" ae 
7.84 N., R. 7 W. a 
(Parts of Marion : ; 
and Monroe). on 
ye Panis! 2o--s=2—— SW.z NW.3 sec. 1 50 40 50 |“Sand- —20 |Yellow clay, 15; 
stone.” blue clay, 20; | 
sand and “rock” — 
layers to rock. © 
F. Walser --------| SE.4 SE.2 sec. 15 59 18 se US ee ee Be 
T. O. Marton----. SW. 4 SW. sec. 23} 168 40 160" | “Sand- —108 |Yellow clay, 10; — 


- stone.” hard gray fossil- _ 
; . iferous flinty 

limestone, 20; 
soapstone (Inde. 
pendence) to near 
bottom; “sand- 
stone.” “7 
W. Howe <-.------ SE.4 NE.2 see. 24!- 62] (2)  |.—-----|_...-.-.---|_.-_|Sandy 25) veru mame 
ous. rock and 
abundaht wa ur 

with little head. 
Je Stockey: =2---- SE.3 NE.3 sec. 27) 117 17 |-----.... |Fissure in |— 60 [Loess, 15; blue 








limestone clay; red rock,1 
feet thick at fo; 
limestone, 40; very 
hard limestone, 
17; limestone full 
of seams and 
crevices. Pit 
M. J. Certain.__.| NW. 3SW.4sec. 26] 120 ty areal, Me ey ee P| a 
BR, Stinson s2-=--.- NW. NW.3 sec. 35 87 15 |-.... ~.| Limestone_|___-__|Yellow and white 
limestone from 
15 to 87. x : 
G. Leidigh ------ SE.4 SW.% sec. 9 165 Dy oe Sard aaa oes es } 
stone.” 
R. Hagerman --_- | NW.4 NE.3 sec. 14} +200 170 |.-.--.... |Shelly rock ------| Yellow ae 6; blue 


clay to rock. 
*More or less. 











Owner 


D. Miller 
Oo. A. Coleman-_-_- 


W. McCreary ----|. 


E. ,Quass -.----.. 
A. Senger 


T, 88 N., BR. 5 W. 
(Linn). 

Ae Up 

F. Martin 


_ J. Napier 


J. Beechley —-__--- 
W. Walm 


J. Bovey 
F. W. Frederick_- 


R. Smith 


ye Sean, .. 8 W. 
(Fairfax). 


M. Kilberger ___-- 


Osgrarrel 2... 
Bild. Barrell. ._-.- 
H. Mordorst ----- 


eM onter: 2. 
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Wells in Linn County.—Continued. 
a o o 
a 25 
Ln a mS) Remarks: 
Location £ &», | Source of} Ge] (Logs given in 
a a AB supply of feet) 
S. a Be ao 
o o os oa 
=) QA yi 20) 
Feet Feet Feet Feet 

SW.4 SW.3 sec. 16 67 15 |__.----_|In crevice _/— 20 

NW.3 SW.3 sec. 33 48 20 \eeeo oa iOrevice Imi}... 2. Sand, 20, to rock. 

rock. 

S.d sec.) 452-253 60 20 60 iSand- 77 E2222 Sand, 20; lime- 

stone.’’ stone, 30; ‘“‘sand- 
stone,”’ 10. 
Beersol-.. sae 168 10 eee ease Orevies) iN sco 2. 
rock. 

NW.34 SW.3 sec. 28 106 20 106s = Se dows |o 55525 Blue, gray, and 
white limestone. 

NW.2 NW.3 sec. 2} 118 Tt is Be es a he s 

Sw.4 SW. sec. 2 100 COM |e Sas | See See eee 

NW.% SW.3 sec. 14 100) /ecceeee eee aor a Vey. ea 5 Log in gravel bed 
at 100 under- 
neath blue clay. 

NE.3 NE.3 sec. 19 75 SD We seas Limestone-|— 50 |Yellow and _ blue 
clay to rock. 

SE.2 SE.4. sec. 26 tS 1 eae eee BE eee ad Gravel_-___- 

SW.2 NE.3 sec. 31 BO eee ot eee ec esen aan ------|Mostly blue clay 

4 to 40; log and 
black soil in 
gravel bed at 40. 

NW.4 NE.3 sec. 36 200 (5% eet ol a 2 Se ieee 

SW.2 SW.4 sec. 36 80 pe ee ee eee ene eo panda. se tees thick 
on rock. 

NW.#2 sec. 36.__..- 65) fee ce tees ANG oo oles Ridge; yellow clay, 
15; yellow sand, 
49; black sand, 
coarse, with 
much wood, 1. 

NW.4 NE.# sec. 34 166 LOO" |S eeu Limestone_|— 76 |Yellow clay, 20; 
blue clay, 980; 
blue, hard lime- 
stone, 6. 

SE.4 SW. sec. 27 130 125 130 |---. do ----|— 90 |Yellow clay, 20; 
blue clay, 105; 
limestone, 5; no 
gravel beds. 

NW.i NW.3 sec. 6 Be eee ee pee ee MATIC sce. jee Driven well. 

SF.4 NW. sec. 6 10 senvet—o|eoseces (OT RV6l ce. acoo. All sand and 
gravel. 

NW.2 SW.3 sec. 5 117 LC ee IN ee an .-----|Yellow clay; blue 
clay; quicksand, 
10 feet thick, 50; 
blue clay; thin 
yellow clay on 
rock; rock, 17; 
below it bed of 
sand full of wa- 
ter. 

NE.4 SE.2 sec. 6 117 RVG bid se Selo ee 

NE.3 SW.4 sec. 16 180 130) See caesar ae 


A. Delancy 


*Approximate, 
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Wells in Linn County.—Continued. 
a 3 6 
5 3 oe 
é = 85 Remarks: 
Owner Location = Spy | Source of| Qe | (Logs given in 
qi qi ae supply ae, feet) 
B | B | BB oe 
A Aa | a2 | 
Feet | Feet | Feet Feet ny 
O. ©. Dye_--.--...| NW. SE.3 sec. 20 91 91 91 |Sand on |-----.|Stony yellow 
Sperocs. clay, 15; —bluew 
clay full of bowl- 
ders to thin sand 
3 layer on rock. 
ee ee Ae NW.3 SE.3 sce. 30 91 25 |..-----.|“Sand 
: stone.” 
TT, 83 N., R. 8 W. ‘ 
(Clinton). ; 

Tu. Latter, -------- NW’.4 SE.4 sec. 2 1€0 60 |_.-.... |Limestone.|— 25 |Near Cedar — 
river. Sand, 2; 
blue clay with ~ 
some bowlders, | 

Psiecg scons NE.2 SW. sec.4) 288 | 988 14-12) 

A. Sisam ---------| NW.} NW.3% sec. 9 2138 DIS Jane cosnw | occa tana acme RO OR Gn eee Le ae 
sand; quick- 
sand rare in vi- 
cinity. 

G. H, Phelps------ SE.4 NW.3 sec. 9 277 VA (El eee Sand 2223-- —100 |Mostly blue clay 
with layers of 
sand; sandy > 
from 192 to 242; 
blue clay, 33; 
coun with water 

a Te Dane eo SW.4 NE.E sec. 15| 248 Wt aU eee Olay full of bowl 

ers. ‘ 

J. E. Rawson----- SE.4 SE.3 sec. 15 73 D feud ck ae Mees See ee 

J. Young --------- WAV, Dysee, 40h- oes 102)| soot leeeeee Gravelo= oC Drift clays; gravel, 

: 2 feet at bottom 
resting on clay; 
clay above 4 
gravel very full — 
of bowlders. 

T. 88.N., R. 6 W. 

(Bertram; part of 

Marion). 

W. C. Litts_------| SW.3% S.2 sec. 1 175 ry p72 pe gine ieee SA RR 

§. Harmon-------- NW.4 SE.% sec. 2| 206 |_-------|.------- Gravel__---|—100 |Streaks of sand 
and gravel at 13 
and -65; bed of 
gravel at 206. 

J. R. White_.____.| NE.4 SE.3% sec. 2 150 J00 eon Nee ee oe ee 

J. uburiter ets NE.% NE.4 sec. 3) 125 Outs eee Limestone.|__-___|Mostly blue clay to 
rock, no gravel. | 

F. M. Elrod_-... | NW.4 NW.3 sec. 4 42 AD | kn in| eCanenaeoteon|-o ann Al nicks ree ; z. 

) gravel. a 

A. P. Knapp-_---. | SF.4 SE.4 sec. 2 61 Chile tcc ae See he aoe 

V. Zoback ----_ =| (SE# gees” 10M 45 SF RR a as er nee if 

S. H. Berry_----_..| SE.4 NW.4 sec. 11 142 |_-.-.-.4|--.---..|_.--.-.-_.._|— 26 |B loge) (eh ae 
throughout. 2 

R. Berry ------..-| SW. NW.# sec. 11 106 BS cena na | saree aera teen LORE IN sand, 
gravel, andsmal] ~ 

ae: bowlders. a 

Jigs MOOTe teens =e SE.4 NE.3 sec. 11 168 nC cm Ppa tee oe an I 4 

J. W. Smythe ---_| SE.4 SW. sec. 12 100 40°) Wa cen  Amestonesioe sans Aue gravel to 7 si; 
rock. ‘ 
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Wells in Linn County.—Concluded. 














Owner 


G@. Smythe 
R. Calhoun 


J. S. Caraway---- 
Mee hrOwh t.5.-.~~ 
RSs a 
W. L. Weller__-- 


Ge Na, Be. 5 W. 
(Franklin). 


Lester R. Cook-_--- 


Dyies SVESE=~.---- 
Dr. Kate Mason__ 


Elmer Neal------- 


Charles Platner -- 
Ely West 


wae nee ee 


James Milhallen__- 


Location 


NE.3 NE.3 eec. 12 
NW.4°SE.# sec. 24 


SW.% SE.3 sec. 21 
SE.4 NW.4 sec. 21 
NE.4 NW.3 sec. 22 


NW.% SE. sec. 22 
SE.3 NW. sec. 23 


NW.%4 SE.4 sec. 

3 NE. 3 sec. 
NW.4 NW. sec. 27 
NW.4 NW.4 sec. 28 
NE.3 NW.3 sec. 


SW. NW.3% sec. 6 


SE.4 SE.4% sec. 7 


NE. NW.3 sec. 17 


NE.4 NE.4 sec. 17 
NE.4 SE.3 sec. 20 





Depth 


Feet 
2038 


134 


204 


135 


60 
145 


170 


150 
16 


181 



































5 3 
3 a on 
Li = 5 5 Remarks: 
= £» | Source of | Qe (Logs given in 
re aa supply aa) feet) 
& | Be a3 
® oF v2 
a A ae] 
T-eet Feet Feet 
PS Ey |S Seen a Seay Mostly blue clay. 
py ji (rake Be Sates Limestone-|_---._ Thin vein of shale 
(Independence?) 
in limestone. 
bo) iy Sa Se Se | A ee ee Apes 
40 44 |Limestone_|_---__|Blue clay to rock. 
Mp a> e Gravel_...-|—104 |Few feet yellow 
clay; blue clay 
to gravel at bot- 
tom. 
Seecasaalasoeeet a--~ dO --..|— 65 
HO?) )) (-} enn fe eae — 30 |Drift, 19; hard 
stone, 5; shale, 
rig hard stone, 
oN ee Dee eee ee — 64 |Blue clay from soil 
to rock. 
7 | annnenn..| Connon nena |e 
15 g6 | Limestone_|_-___- Dry gravel at 40 
feet. 
hy | eee =-==-=|blue Clay, 16 to 
187. 
329 |_-~-.-. |------------|------ 
AGUS Saree ins crevices}... — Sand and yellow 
clay to rock. 
135 100; (Sand 32-2 |. Water at 35; 
“river”? sand be- 
low; yellow and 
a little blue clay. 
40 |..__. ..| Limestone_|— 30 
Shae ---- do ----/—100 |All blue clay ex- 
# cept a little yel- 
low clay at sur- 
face. 
et ee SON ee conte ee Water on rock in 
a little sand. 
SO ies A ey Limestone.|— 70 
Yih eee ey ---. do ..-.|— 46 |Yellow clay, 25; 
sand, 15; blue 
clay to rock. 
oi 9 Ui tai sane OO cecal aecce Yellow clay, 380; 
blue clay to 
rock. 
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MUSCATINE COUNTY. 
BY W. H. NORTON. 


TOPOGRAPHY. 





















mah 

The larger topographic features of Museatine county are two 
uplands and two river plains. Of the plains the more extensive _ i) 
is that of Cedar river, a flat fluviatile or lacustrine floor, ag- 
graded largely in Pleistocene time to its present level, extend- — 
ing across the county from northeast to southwest with a width 
of six or seven miles. The towns of Wilton, Moscow, and 
Nichols are situated upon it. This strip of lowland separates 
the small triangular upland of Kansan drift which occupies the 
northwest corner of the county from an extensive upland a 
Illinoian drift which covers the eastern and larger portions or 
the area. 

The second lowland is that of the Mississippi flood sal 
Up valley from Muscatine the river approaches the Iowa bluffs, - 
leaving to this county an ineconsiderable flood plain hardly more 
than one-fourth mile wide. South of Muscatine the valley wide 
ens. The great river turns sharply southward from its west- 
ward course, leaving the crescent of its ancient river-cut bluffs 
far to the west and separated from the channel by alluvial 
plains five to six miles wide. Both lowlands are poorly drained 
and in both ground water stands near the surface. The oleae “3 
while well dissected near their margins, preserve in their cen- 
tral portions flat initial surfaces but slightly etched with eros 
1on channels. 


GEOLOGY. 


Over most of the county bedrock is deeply buried by de- 
posits laid down by successive ice sheets and their outflowi e 
drainage. The two lowest of these deposits, the Nebraskan < 
the Kansan drift sheets, are both dark bluish stony clays 
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deposits of the Aftonian interglacial stage. The Aftonian de- 
posits consist of peaty beds and old soils and of beds.of sand 
and gravel, which occur quite extensively in some townships. 


The Kansan drift where weathered is oxidized and reddened, 
and can scarcely be distinguished by the driller from the yellow 
stony clay of the overlying Illinoian drift, the uppermost of the 
drift sheets of the area. The Jlinoian and Kansan drifts are 
not uncommonly separated by ancient soil or peat beds or by 
seams of sand and gravel. The upper surface of the [llinoian 
is in many places leached and bleached by long weathering and 
the reducing action of ancient soils, and is separated from the 
overlying loess by peaty soils or thin layers of yellow sand. 


Outside of small areas negligible in connection with ground- 
water supplies, the rocks of Muscatine county belong to two 
geologic systems. (See Pl. XV.) The lower, the De- 
vonian, consists in part of hard gray limestones of numerous 
types, some fine-grained and brittle, made up of angular frag- 
ments (Lower Davenport beds of Iowa State Survey), some 
gray and tough (Upper Davenport beds of Iowa State Survey), 
some of shelly limestone, more or less clayey (Cedar Valley 
limestone) ; and in small part of green-gray or dark drab shale 
(Sweetland Creek shale). The upper and later series belongs 
to the Carboniferous system (Pennsylvanian series or Coal 
Measures), and is variable both horizontally and vertically, con- 
sisting of rapidly changing beds of limestone, sandstone, pebble 
stone, shale, and coal. It is found only in the southern town- 
ships of the eastern half of the county (except in scattered 
patches) and is evidently an outlier cut off by the trench of the 
Mississippi from the northern margin of the Ilinoian coal field. 


UNDERGROUND WATER. 


SOURCE AND DISTRIBUTION. 


Because of the large areas underlain by river deposits the 
waters in the alluvial sands and gravels are of exceptional im- 
portance in Muscatine county. Muscatine Island and extensive 
portions of the Mississippi bottoms bounded on the west by 
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Muscatine slough are supplied by driven wells from 20 to 30 aa 
feet in depth. The supply is copious, easily raised to the sur- 
face by steam pumps for purposes of irrigation, and the water 
is so slightly mineralized that it is not injurious to crops. The 
area is thus renderéd independent of rainfall in dry seasons, his 
and this fact, together with the warmth of its light soil, has 
made Muscatine Island and Fruitland township one of the gar- 


den areas of the state and of the upper Mississippi valley. 


The wide plain adjacent to Cedar river draws its ground-— H 


water supply from driven and dug wells 20 to 40 feet deep, the © 
water bed being a sand underlying the surface loess. Wells 


deeper than 30 or 40 feet reach horizons where the water is apt 
to be pretty highly mineralized with iron salts. On some low 
tracts temporary flowing wells have been obtained by boring 


through the impervious cover of hardpan. A few deep borings 


show that the rock floor of the plain les more than 250 feet be- f 


low the surface, but the records are not definite enough to show 


the character of the materials with which this ancient and wide __ 
valley has been so deeply filled. From the records of a single 
well in section 26, Pike township, it may be inferred that be- 
neath the water-bearing sand, which here extends to 30 feet 
from the surface, is a clay 10 feet thick, beneath which occurs 
a water-bearing gravel. It is not known whether this gravelis 
a sheet deposit formed along a delta front encroaching on a 


lake, or was deposited by a stream the width of the present — 
plain, or was laid down in long narrow strips in the channels _ 


of an aggrading stream perhaps no larger than the Cedar of 
today. At and near Wilton drillers report 90 feet of sand sue- 
ceeded by 100 feet of blue clay underlain by 10 feet of sand and 
gravel, the rock floor here not exceeding 470 feet above sea level. 

On the eastern upland of the county water occurs in sands 
covered with a cap of loess, forming certain low long ridges 
directed generally at right angles to the western margin of the — e 
upland. Wells on such ridges may obtain adequate supplies ei 
at very moderate depths though wells on the lower ground ad- 
jacent would need to go down more than 100 feet before finding 


water. 
On both the eastern and western upland the Aftonian gravel 


ae a 
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is the chief aquifer. In Lake township these sands and gravels 
are tapped at about 100 feet below the surface. A general sec- 
tion in the southwestern part of this township is as follows: 


Section of Pleistocene deposits in Lake Township. 








| Thickness Depth 





8 ee et 2D ag Pe a I ee ee ee pe 8 ee ee See 
eermer(iunoian and Kansan) ..-2.2..--.--.--..-.-.-.----.---+---_=_-.- 100 | 120 
SII LEQORUIGE ) ooo oc eae meen an mewn see en te cene eens | 10 | 130 
SNIDER G tithe a ce eee | 120 | 250 








The Aftonian is particularly valuable because of the great 
depth at which bedrock and rock aquifers lie over much of the 
eastern upland. Here the great bedrock trough which under- 
lies the Cedar river lowlands extends for four or five miles east 
of the river and the deepest wells go down 250 and even 400 feet 
without striking rock. Fortunately water is usually found in 
the Aftonian or, much less commonly, in glacial sands inter- 

bedded with or underlying stony clays of the Nebraskan. 

The Devonian and Silurian (Niagaran) limestones are im- 
portant aquifers in the northeastern townships and on the west- 
ern upland, on which latter bedrock is not reported at less than 
200 feet below the surface. Most wells find water in glacial 
gravels, but a few have been drilled into the country rock. In 
one well a white limestone is reported to extend from 220 to 
300 feet, below which lies 17 feet of brown porous rock, which 
may be assigned to the Niagaran. 

In the four eastern townships drift seldom exceeds 100 feet 
and numerous wells draw water from the country rock. Where 
the bedrock is Devonian limestone, water is usually found at a 
moderate depth from the surface, the deepest wells being those 
in which the drift is underlain by heavy Carboniferous shales. 
In Sweetland township two wells found the Coal Measures to be 
97 and 120 feet thick, and after piercing these were compelled to 
go 100 and 185 feet into the subjacent limestones before obtaining 
adequate supplies. 


36 
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The important springs of the county rise from the Aftonian 
gravel and the Devonian limestone. 

The outcrop of the Aftonian gives rise to numerous and often 
copious springs. These are well marked near the base of the 
bluffs bordering Mississippi river south and west of Muscatine 
in Fruitland and Seventy-six townships. Below the bluffs east 
of Cedar river, in Moscow township, many springs flow from 
the drift. Several of these, with a July temperature of 55° F., 
south and west of Muscatine, are near farmsteads located along 
the road leading under the foot of the bluffs, and their excellent 
water is therefore available for house and dairy and all farm 
purposes. Almost every farm is thus supplied. In some places, 
where the spring issues from 20 feet or less above the base of the 
bluffs, sufficient power is developed to run a milk and cream 
separator. The spring of Edwin Wills is estimated to have 114 
horsepower. Its temperature at outflow is 51° F. Two large 
springs emerge near Atalissa—one on the farm of David Mce- 
Clure and one on that of Mrs. C. E. Kephart. The latter was 
leased for several years by the Chicago, Rock Island & Pacific 
Railway for the supply of its locomotives before the artesian 
well was drilled at West Liberty. 


CITY AND VILLAGE SUPPLIES. 


Muscatine.—The city of Muscatine (population, 16,178) has 
had a public supply since 1875, the plant being owned by the 
Muscatine Waterworks Company. For about 20 years the raw 
water of Mississippi river was used, being pumped through a 
conduit extending 700 feet out into the river. This extremely 
unsatisfactory supply has recently been completely changed, 
new works begun in 1904 having been completed and put in 
use in 1906. The pumping station and wells are situated on the 
flood plain of the Mississippi, at the south line of the corporation 
area, three-quarters of a mile from the settled portions of the 
town. The new supply is drawn from a gang of 13 driven six- 
inch wells about 50 feet deep and 150 feet apart, located on a : 
line parallel with the bank of Mississippi river and 500 feet 


Dg: 
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distant from it. These wells are pumped through a 20-inch 
horizontal suction pipe connecting with vertical pipes, extend- 
ing in each well practically to the bottom. The capacity of the 
wells is 2,000,000 gallons a day, twice the amount of the present 
consumption. The pumps are installed in a building 48 feet 
square, built of reinforced concrete. The cost of the new instal- 
lation was $100,000, including $40,000 spent for the extension 
of mains in the south parts of the city. The water is pumped 
to a reservoir with a capacity of 2,000,000 gallons, situated on 
West Hill, the bottom of the reservoir being 185 feet above low- 
water level in the Mississippi. Domestic gravity pressure 
ranges in different parts of the town from 20 to 90 pounds. Fire 
direct pressure is from 100 to 150 pounds. There are 16 miles 
of mains, 185 hydrants, and 1,500 taps. 

This very satisfactory supply was chosen at the recommenda- 
tion of Mr. W. Kiersted, of Kansas City, after an exceptionally 
thorough investigation of local conditions. Some of the results 
as given in Mr. Kiersted’s report to the council, November, 
1903, are of such general interest and wide application that they 
may be given here in some detail. 

The two sources under consideration were (1) Mississippi 
river, with proper equipment for settling and filtration, and 
(2) the ground water in gravels underlying Muscatine Island. 
The preference naturally lay with the latter, provided that the 
supply should be found of suitable quality and quantity. The 
physical conditions of this large area of flood plain pointed to 

-an abundant and excellent supply. The land is nearly level and. 
hes but sightly above the maximum high-water line of the river. 
The soil is sandy, light, and porous. These conditions make 
the run-off of storm water slight and dispose of a very large 
percentage of the rainfall by absorption and underflow as ground 
water. The permanent ground-water surface, determined by 
the level of low water in the river, lies within 15 or 20 feet of 
the surface of the ground. Moreover, since the surface of the 
island lies somewhat above the ground-water level, the porous 
soil permits rapid alternate circulation of air and water and 
hence affords an efficient natural filtration. 

These indications were fully confirmed by a series of tests. 
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Nine wells about 65 feet deep were sunk upon the island along 
a line 3,000 feet in length at right angles to the river and be- 
ginning 300 feet from the river bank. The following succession 
of deposits was found, the thickness of the strata given being 
that found in the well nearest the river: 


Section near Muscatine. 











Thickness | Depth 





Feet Feet 

Boll eandy., black 2.2 --622.. a Seen a ee ce ee eee 

Olay, red, tough, hard; not uniformly distributed or continuous on island 5 
Sand; red, ‘and fine gravel 2.25.2 Se ee eee 10 
GTAVEl, ACOBTSO wen os ean coe eg eee eee ee ee ee 10 
Band; coarse, and gravel “ec [oo cee oe eee eee ee eee eee 15 
Sirids ‘gravelly «222 ce) ee ee ee eee 6 
Sand.’and coarse gravel o2oases- tenn aces cae es eee eee ea 

Blue clay; when dry nearly white; without sand_---_-.-..--_...._--.-__-=_- 5 
Shaly clay or soapstone, hard, laminated, light pink_---._-..----_-_-______ 8 
BaAndstons) anno os bo eee ee ewe eee ee eee 6 


RSSASSRawe 





The geologic conditions were thus found to be extremely 
favorable for a large yield of ground water. A bed of porous 
sand and gravel 50 feet in depth, resting on an impervious floor 
and water-logged to a depth of 30 feet, was found to underlie 
the area. 

The question still remained as to the permeability of the 
gravels and whether they could deliver a supply adequate to 
emergencies as well as to the ordinary demands of city con- 
sumption. To aid in solving this problem a series of observa- 
tions extending from September 6 to October 26, 1903, were 
made on the static level of the water in the test wells and in the 
river, in order to obtain data as to the ground-water slope and 
the effect of fluctuations of the water level in the river on the 
ground-water surface of Muscatine Island. 

Up to September 13 the river fluctuations of level were small 
and the ground-water surface was comparatively stable for a 
distance of 3,300 feet west of the river. The pronounced slope 
of the ground-water surface toward the river (0.8 foot in 1,000 
feet) demonstrated the underflow of the absorbed rainfall to- 
ward the Mississippi. Between September 13 and 21 the river 
rose a little more than two feet, causing a rise of 2.1 feet in well 
No. 1, 300 feet distant from the river, and a rise in the other 
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wells, decreasing in amount with increasing distance from the 
river, until at well No. 9 the increase was but 0.3 foot. The 
slope of the ground-water surface toward the river was still 
well defined. Obviously the rise of the river dammed the under- 
flow in its riverward movement. From these data it was com- 
puted that the water in the saturated gravels to a depth of 
about 43.5 feet flowed toward the river at a.rate of at least 2% 
feet a day. 

About September 23 the river rose a little more than four 

- feet. The slope of the ground-water surface was now reversed, 
and with continued high water so remained until October 9. 
The average slope inland of the ground-water surface was 0.84 
foot in 1,000 feet, and from this there was computed an average 
rate of movement of river water inland of 2.3 feet a day. Using 
the velocity per day and the inclination of the ground-water 
surface, the average factor of porosity of the medium was ob- 
tained by Dupuit’s formula. This factor was found to be 5,000 
a foot, indicating a very porous subsoil formation compared 
with similar experiments and observations made elsewhere. 
Continuous pumping tests were made of well No. 1 for 125.5 
hours, and simultaneous observations of the water level in the 
other test wells, in order to procure information as to the por- 
osity and continuity of the gravel deposits. The delivery of the 
pump was computed at 1,500,000 gallons a day. During the test 
the water in the river rose over three feet, and notwithstanding 
the large amount of water pumped from the ground, the water 
of all the wells showed a corresponding rise. The zone affected 
by the pumping extended 700 feet. 

The data secured by these tests settled most satisfactorily the 
questions as to the capacity of the supply and there only re- 
mained the question of the purity of the water. The geologic 
conditions pointed to a rapid and effective natural filtration of 
surface water, with a consequent destruction of pathogenic bac- 
teria. <A series of tests of the water of the test wells with san- 
itary and bacteriological analyses fully confirmed this inference. 
Although the chemical analyses showed a high per cent of fully 
decomposed organic: compounds, and of chlorine and nitrates 
in all the samples, owing to the fact that much fertilizer is used 
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on the cultivated fields of the area, the percentage of undecom- 
posed or partly decomposed organic compounds—ammonia, al- 
buminoid ammonia, and the nitrates—was small, showing an 
effective purification of the surface waters by the natural filtra- 
tion of the sandy soil. The bacterial analyses confirmed the 
chemical, showing but few bacteria and these of harmless va- 
rieties. 

The question was also considered of the effect which the de- 
pression of the ground-water surface by a continuous draft 
in the area of supply would have upon the underflow of the 
contaminated ground water of South Muscatine. It was found 
that even in years of minimum rainfall the natural movement 
of the ground water of South Muscatine to the river could not 
be so diverted down valley as to reach the intake area of the 
city wells. 

The recent installation of the shallow wells described makes 
artesian forecasts unnecessary so far as the municipality is 
concerned. But in a city as large as Muscatine and with ex- 
tending industries, it may be taken for granted that sooner or 
later information as to artesian possibilities will be useful to 
manufacturers and other large consumers who for various rea- 
sons may have under advisement an individual water supply. | 


At Muscatine (elevation, 552 feet) the drill will penetrate first 
the Devonian and Silurian (Niagaran) limestones, reaching the 
Maquoketa shale (Ordovician) at about 500 feet and may find 
small flows in either limestone terrane. These flows will be 
under low head and should be cased out so as to prevent the 
lateral escape of the deeper waters through their channels. The 
Maquoketa strata, which are weak and caving, should be cased. 
Good flows under moderate pressure should occur in the Galena 
and Platteville limestones which immediately underlie the Ma- 
quoketa, from about 725 to 1,025 feet from the surface, and it 
is possible that the yield will be sufficient for some industrial 
plants. To carry these waters a bore of four or at most five 
inches will be ample. For larger drafts the Saint Peter sand- 
stone and the loose-textured sandstones and creviced and vesic- 
ular limestones which underlie it must be utilized, and in these 
an inexhaustible supply of water of fine quality should be found. 
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To tap them the well should be sunk to 1,500 or 1,600 feet. To 
tap the underlying Cambrian beds drilling should continue 
about 400 feet deeper still, but it is not apprehended that this 
will be needed. The pressure should considerably exceed 20 
pounds. 


West Liberty —The town of West Liberty (population, 1,666) 
has drawn its water supply from artesian wells since 1888. 
(See Pl. XV, p. 812.) Water is pumped directly through the 
mains, and also to an elevated tank holding 60,000 gallons, giv- 
ing a domestic pressure of 40 pounds and a fire pressure of 100 
pounds. There are 7 miles of mains, 27 fire hydrants, and 472 
taps. The consumption is 45,000 gallons daily, and the water 
is said to be used by 90 per cent of the population. 


The extension of the waterworks in 1899, involving the 
sinking of a new artesian well, was financed in an ingenious 
way, worthy of record. Owing to the change in the State 
assessment laws which went into effect in 1897, the valuation 
of property in the town was reduced many thousands of dollars. 
The municipal indebtedness, which had been increased by the 
building of the water works and an electric lighting system, 
was thus brought to near the legal limit. Another bond issue 
for the extension of the waterworks was thus out of the ques- 
tion. In this emergency thirty public-spirited citizens ad- 
vanced the money for the extension and were paid out of the 
revenues of the waterworks. The city council entered into 
contract for an artesian well to be drilled upon the city’s lot, 
the well to remain the property of the driller and contractor 
until the annual rentals received by him equaled the cost of the 
well, when its ownership was to be transferred to the city. The 
annual rental was fixed at $600 and 6 per cent interest on the 
cost of the well. When the well was tested and accepted, the 
driller’s lease was purchased by the thirty citizens. The total 
cost of the well, $3,600, was raised by six promissory notes, 
drawing 6 per cent interest and due in six years, each note being 
signed by five persons drawn by lot from among the thirty. 
All payments, rentals and interest were indorsed pro rata on 


each note, thus keeping them equal in amount until their final 
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liquidation. With the extension of the water system the re- 
venues increased, all payments were promptly met, and at the 
end of six years the notes had all been paid and, under the 
terms of the lease, the well passed into the full ownership of the 
municipality. 

City well No. 1 has a depth of 1,768 feet and a diameter of 
6 to 4 3-16 inches; casing to 128 feet. The curb is 696 feet 
above sea level. The head was originally 9 feet above curb; in 
1896, at curb or below. The original discharge was 120 gallons 
a minute. Temperature, 65° EF. Date of completion, 1888. 
Driller, A. K. Wallen. 

During the drilling the water stood at 40 feet below the curb 
for more than 1,000 feet. At 1,040 feet, the horizon of the Saint 
Peter, it rose 20 feet. Rising a little higher each day, it over- 
flowed when.the drill reached a depth of 1,354 feet and the flow 
increased as the drill went still deeper. A tube sunk to 1,100 


feet and packed at base decreased the flow and was taken out. 
In 1900 the head had fallen to 12 feet below the surface and the 


pumping capacity to 75 gallons a minute. 


Record of strata in well No. 1, at West Liberty. 


. Depth of 
Silurian: sample in 
Niagaran dolomite— feet 

Dedlomite,’ light ‘bluish erayeet.ces-- ashen ee eee eee 400 
Ordovician: 
Saint Peter sandstone— ! 
Sandstone, very fine white particles, angular_------------- 1, 000 
Sandstone, coarser, larger grains rounded, ‘‘from 1,040 
CO | 1; O80 ene a ae ea Sh a ere ee ee ee 1, 050 


Prairie du Chien stage— 
Shakopee dolomite— ; 
Sandstone, moderately coarse, white; unusually sharp 
to the touch; under microscope many grains are 
seen to be faceted with secondary crystalline en- 


largemeénts! 20024) 2255 ee SS aie 1,160 
Dolomite, gray; considerable arenaceous admixture in 
Grilling@a® sca 22 2S eke Be ee ee 1, 250 
“Mlint’. 12 inehes«cthick*ono sam ples sss o nae ee eee 1, 260 
Dolomite, white; considerable admixture of finest par- 
ticles ..o0f sQuarigug 2 ee a ee ee 1, 290 
New Richmond sandstone— 
Dolomite; “highly. arenaceow sae. ewe eee eee 1,310 
Oneota dolomite— 
Dolomite, white, “Porvuss-a-s22 26 oe oe eee ee ee 1,380 
Sandstone, larger grains rounded; mostly angular par- 
ticles with somévdolomites. 4a. = see eee 1, 400 
Sandstone; matrix calciferous, 22--s.- oe ee eee eee 1, 450 


Cambrian: 
Jordan sandstone— 
Sandstone, in fine powder of particles of quartz and a 


little dolomite :ac222 22-5 oe. eas Se re ee 1,500 
’ Sandstone, saccharoidal, rather coarse, white; grains usu- 
ally ‘rounded, SOME: TACe tC Cs. en ee os ee eee ee ee 1, 600 


Saint Lawrence formation— 
Dolomite; hard,.pinkish = 222 fess en sea aerate ee ee 1,765 
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- City well No. 2 has a depth of 1,594 feet and a diameter of 
12 inches to 202 feet, 8 inches to 1,016, and 6 inches to bottom; 
easing 96 feet to rock. The curb is 671 feet above sea level; the 
head was not tested. The original discharge was 225 gallons 
a minute. Temperature, 66° F. The well was completed in 
1900 by W. H. Gray & Brother, of Chicago. 

Water stood 20 feet below the curb until the Saint Peter sand- 
stone was reached at 1,015 feet, with a thickness of 40 feet, 
when it overflowed with a discharge of 20 gallons a minute. At 
1,411 feet a pumping test developed a capacity of 240 gallons 
a minute, with the cylinder at 100 feet below curb, and 300 gal- 
lons with the cylinder at 135 feet, the natural flow being esti- 
mated at 75 gallons. At 1,435 feet the flow had increased. to 100 
gallons a minute. No perceptible increase occurred during the 
next 100 feet, but at 1,583 feet, in sandstone, a sudden increase 
was noted. At 1,584 feet a crevice was encountered and the flow 
suddenly rose to 225 gallons a minute at the base of the sand- 
stone. Since 1902 or 1903 a gradual decrease in the head and 
flow of the well has been observed, the water now barely over- 
flowing. Under continued pumping, the suction pipe extending 
to 26 feet below the curb, the water is lowered to 20 feet below 
the surface. 

The only record extant is that of three water-bearing sand- 
stones; the first, from 1,015 to 1,055 feet (344 to 384 feet below 
sea level), the Saint Peter; the second, from 1,300 to 1,435 feet 
(628 to 764 feet below sea level) ; the third, from 1,535 to 1,584 
feet (864 to 913 feet below sea level), occupying the horizon of 
the Jordan. 

The Iowa Condensed Milk Company well has a depth of 1,721 
feet and a diameter of 12 inches to 150 feet, 7 inches to 1,000 
feet, and 6 inches to bottom; cased to 120 feet; bedrock at 90 
feet. The curb is 669 feet above sea level and the head, above 
curb. The tested capacity is 300 gallons at 1,600 feet. The 
first flow was at about 1,000 or 1,025 feet and increased to the 
bottom. The well was completed in 1904 by Gray Brothers, of 
Chicago. 

Wilton—At Wilton (population 1,157) the water supply is 
pumped from a deep well to a tank whose capacity is 50,000 
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gallons. Domestic pressure from the full tank is 54 pounds 
and the direct pressure for fires is 110 pounds. The daily con- 
sumption ranges between 15,000 and 25,000 gallons daily. 
There are 2 miles of mains, 23 fire hydrants, and 180 taps. 

The well (Pl. XV.) has a depth of 1,360 feet and a diam- 
eter of 8 to 6 inches; casing to 900 feet. The curb is 683 feet 
above sea level. The original head, as reported, was 18 inches 
above the curb; the present head is 20 feet below. The original 
discharge was 300 gallons a minute; the present pumping 
capacity is 120 gallons a minute. The first flow was at 900 
feet. Date of completion, 1891. The well was reamed to an un- 
reported depth in 1900 without effect on supply. 


Drillers log of city well at Wilton. 





Thickness Depth, 








Feet Feet 
DYITG Since a an ece nnn wean een te ols So ee 220 220 


Gimestone (Niegaran): > ..2023. 4d. Sheek cow ncte nn acon ee to oeaas aeeo ade nates 280 500 
Shale (Maquoketa) . .<2cs ceo ons aera She a ee ee ee 180: ‘ 680 
Limestone (Galena. and’ Platteville) $2222. 22s Se eee 300 980 





Sandstone. (Saint: .Peter): 22-2 e. 2 oo enna coor eee ee eee 120 1,100 





Minor supplies—Water supplies at minor villages are set 
forth in the following table: 


Village wells in Muscatine county. 























mn 

2 Head below eurb ra 

= 2 

Town Nature of supply 2 Be) 

Sg a Shallow} Deep 4 

= tee wells wells a 

o 0.0 [-5) 

A a , A 

Feet Feet Feet Feet Feet 
Atalisse. onesies ce Bored and drilled wells.-.).» 80-1805).2..222-_ |p ee 
COneEVIIIG) ee ea soe Driven wells’ 2 EO=20) | oor ee 10.222. eee 
(Cranston pccssoo-cc-$ whi (AO one tee OS eae are 120-125 120) eeu eens 100 | cae 
PFatrport #2 se. 2e5 5 Wells "and ‘river 2222-.2-=- 12-217 12 9 30 25 
Fruitiands<-2s---=.-:: Driven Wells, .22--2<c-sateme= 12 OO en ontakes 8 | on cetnes wedenatece 
Moscow *2.22.2-----—- sane GO) Sostsl eS ee 20- 50 32 20 | 2 eee 
Stockton-<— +. -=5--~ Drilled and dug wells_----- 40180 jh omens se oo ce ame | Spee 
Sweetland® 225-522... WOlB (eh tincrcate se Saartete oe 16-800 4 og nS 10 COtal tees 
Nicholai ==> awe =|, Driven “wells .o--4ceceaere. 16-20. | enc eee ee 
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_ WELL DATA. 


s following table gives data of typical well in Muscatine 


Wells of Muscatine County. 











Location 


Depth 





Source of 
supply 


Remarks: 
(Logs given in feet) 


Depth to rock 








78 N., R. 4 W. 
Part of Wapsino- 










08 he Mountain ---|6 saftes southwest 
one of West Liberty 


AEE es 





DS aaeee eee 


Diekenson =e] 


eae eee eee 


eee ene -=- 


Overman --_-.| Atalissa 





ori 


Morris =-2=2--5|3 miles east and 2 
miles north of 
West Liberty. 





Ai eects (eel eg 


Sec. % 





Feet 
206 


220 


398 


78 


136 


226 


- 200 


Feet 
206 i Sand.=--22 Yellow clay underlain by dry 
sand, 60; blue clay, 42; 
gray sand with a. little 
water, 6; blue clay to 
rock. Well weak, closed. 
Another 30 feet away found 
plenty of water in yellow 
sand 8 feet thick at 95, 

under blue clay. 

eee eee Loess, 6; yellow clay, 20; 
sand, 2; blue clay, 160; 
sand, 28; cream-colored 

rock at 220. . 

Mostly drift. © ~ 


White limestone from 220 to 
850; below this a porous 
brownish rock, 


wee oe one | oe a we ee 


ee eee 


do .-.-/Unknown, 40; blue clay, 60; 
sand, 6; yellow clay, 25; 
blue clay with muck, wood 
and sand, 107; sand, 8. 

Rock; hard and_ white 
above; reddish and porous 
below. 








Limestone_ hr ceaas 15; blue clay, 50; yel- 
low bowlder clay, 30; soft 
brown limestone, 43. 
Devonian (Drift, 50; Coal Measures, 
limestone) 100; limestone, 6. 
Sand, -2.-2- Yellow clay, 15; blue clay, 
85; sand, 8. 
Limestone. Drift, 100; limestone, 145. 
Yellow stony clay, 20; blue 
clay, 60; brown stony 
clay, 15; blue limestone, 
80; soft brown material, 
8; hard limestone, 29; soft 





limestone, 8. 

Yellow clay, 15; blue clay, 
erous 25; sand, 4; hardpan, 20; 
sandstone| soft yellow sandstone, 14. 
.---.-----.-|Yellow clay and sand, 42; 
blue clay, 44; blue lime- 
stone (Devonian), 44; 
‘brown porous limestone, 
6 


64 |Oarbonif- 


Bt SA ee Yellow clay, 40; dry sand, 
2; blue clay, 50; sand with 
water, 2; blue limestone, 
110; shale, 8; white por- 

1s ‘ous rock with water, 14. 


aoe ew ne eee 
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Wells of Muscatine County—Continued. 
ad 
>) 
g 
; ° "Source of Remarks: 
Owner Location F . supply (Logs given in feet) 
a a 
o o 
A =) 
Tie aNewe ba LEW. ’ 
(Wilton; part of | : 
Sweetland). | Feet Feet , ry 
pe ECTS ws esantees=— (Sach poe eee BIQn se Sand'~=_-_- Yellow clay, sand, and 
| : : gravel, 60; blue dirt, 80; 
quicksand, 60; blue clay, 
ne | 90; coarse sand, 22. 
William Boot ----.--- Ses20 =] eee 208 Vo see be sand and |Sand, 90; blue clay, 100; 
; gravel. |sand and gravel, 10. — 
eans Kal (-_22~-=----| Seq. qo: ae ee 101 90.) eee ee 
Wie clthorl, =------.- | Geereiae-u se Bow 200 Base ee 21 6 eee Yellow and blue dirt, 14; 


| brown sand, 7; blue clay, 

; 68; sand, 10. 

ee Wie @OLINS 22 oa 5 inge 1 ae eee 113) 22] Gravelannd Yellow clay, 8; blue clay, 
32; black “hardpan’’ 

(till?), 68; gravel, 5. 


——- Smith --------- Sack Sib toe 185 100 | <--2--_2-— -|Sand,\"10;" “blue clay.emeus 
sand, 30; blue clay, 40; 

rock, 35. 
MAS ROY) eee ae Nec Dien eee 185 188) | oar 78 Yellow clay and sand, 20; 
blue clay, 108; sand, 6; 

: ; rock, 1. 
S. Wintermirte ------ See:W90 2. sepmeeey Cifras Sandee ee Clay, 48; gravel, 4; blue 


and yellow pebbly clay, 
10; ashen clay, 5; sand. 





Me 10) Nios) Bee) ds pole 











(Fulton). 

de hae rer See. 3_------------- 106 1H fekee ORG eae) Yellow and blue clay, 70: 
sand ; limestone, 28. 

H. Stoltenburg ------ Sect 2s hse 105 y UB Te ae ere Drift, "0: soft white lime. _ 
stone, 35. 

BeCs) (232000 ase = 75 Y (igi es oo ute ay 
CO. Wolf Sec. 31-------------| 121 116 |__ Drift, 116; rock, 5. 
FMNOINS wmrmmmmmn===| S00, 88 _-- anna nn Lae ee al Bo em Ron Yellow clay, 30; blue clay, 
40; quicksand, 7; blue dirt 
i a didgties Lat part shale), 
DVT ON. (Bas AB. a6; sok 
(Montpelier). : 
O. Howard -----_.... Stes ie eee 101 te) Ronee Maree Drift, 20; sandrock, 80; lime- 
5 stone, 1. : 
EP TLIIN. odes: LGV, 
(Sweetland). 

Frank Nettlebush -_- BOC p yin meee 822 ° 40 |Limestone_|Drift, 40; soft sandstone, 
40; soapstone, 57; lime 
stone, 185. | 

Daniel Roberts ~-__- Sgée unde ee re ace See ee Sand _...--|Yellow clay, 38; sand and 
clay, 77. ; 

J. Newman ----.---.- See, 4-_-_ ~- fit fs, ee i ee do __--|Yellow clay, 5; blue pebbly 
elay, 25: forest bed, 10: 
ashen clay changing to 

‘ sand, 20. 
P. Brosart --.-------- Pe 20 ress ati 200 180i ieee eee Drift, 130; sandstone and 
; shale, 65; limestone, 5. 
J Monwennt seo eae Regn 20 804 90 |Limestone_|Drift, 90; Coal Measures, 


120; limestone, 94. 





*More or less. 
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Wells of Muscatine County—Continued. 








Location 


oT. 77-N., B. 2 W. 
- (Bloomington; part 






3 of Lake). 

Serieeecst 5 .|Sec. 6 2 
County Farm -----.)Sec, 33 ---------. 
ae 
man, vraiN., Rk. 8 W. 

(Parts of Lake 
and Pike). 
mee) Wood.—...--..|See. 27 -.—.._-.. 
‘Htutophries. .....- pecs 1s oe — 

LOT M tee oo SCG) 20) be momnnere son 

uti N.« 2. 4 W. 
~ (art of Pike). 

OS Nichols -----.----- 

. N, Aylesworth-.--|Sec. 26 -—-------- 
1. 76 N., RB. 4 W. 

_ (Orona and Cedar). 
‘William Verink _-----|Sec. 14 -----------. 

: 

(Seventy-six; part 

of Fruitland). 

Metab Anns ee o ISOC, 2: csnmenn nn 

S005 2 10 sesso sea 

peakigina oc _. gle |: eel emer ea 
th a ee 

DOA wate ono 

Den. SoSsenaee 





: i 
} 
S a a are 
= Source of Rony ? 
F-| s supply (Loxs give 
=F ry 
o oa 
(=a A 
Feet Feet 
115) |cocesen (Sand oo.) Loess and blue clay, 105; 
sand, 10, : 
208 180 |----.---._..|Clay, 100; sand, 20; clay, 
60; limestone, 28. 
Sow See Sand a5 oy 
100" Pesel ee lscee dO Seok 
260) |oo nee odo cits 
250) (eee Gravel_...._.No rock; all clay, sand and 
gravel; well tubed 250 
feet. 
DOM ae ee ee do ..--|Sand, 80; clay, 10; gravel, 
45 
80) (booee Sand __...-|Loess, 15; yellow sand, 40; 
blue c1ay without pebbles, 
19; white sand with gas, 
5. 
rate till, 180; hard blue till, 
Loess and yellow sand, blue 
clay, sand below. 
100} |fo secant do=—. 
115 |----.---|____________|Bluff. Loess, 12; old soff, 
3; mainly blue till, 100. 
TO) Ga ceeren eee ed Ridge. Loess, 12; yellow 
till, 38; gravelly sand, 25; 
blue till, 25; yellow ce- 
mented gravel, 10; hard 





; blue till, 60. 
80 |... |Gravyel_. 2 Sand, blue clay, and gravel. 
Base of bluff. 


TD ists aes Sanda 

94 i icocesaas| 225 oP Vellowm. clay > aboves:.. red 
sand, 60; white sand and 
gravel. 

160 


160 |.-....-.---.|Base of bluff. 


On 
-l1 
> 


UNDERGROUND WATER RESOURCES OF IOWA. 


POWESHIEK COUNTY 





BY HOWARD E, SIMFSON AND W. H. NORTON. 





TOPOGRAPHY. 


Poweshiek county is situated shghtly southeast of the central 
portion of Iowa. As it has scarcely a stream large enough to 
bear the name of river, save perhaps the North Skunk, which 
crosses the southwest corner, its drift plain is a broad rolling 
prairie of decided upland type. The county is, however, divis- 
ible into two distinct topographic areas, coincident in a general 
way with the surface areas occupied by two drift sheets, the 
Towan and the Kansan. . 

Jowan drift covers about 75 square miles in the northwestern 
part of the county, its eastern edge being not far east of Sheri- 
dan and Westfield. Here the plain is gently undulating, broken 
only by a few swells and by slight sags, in which grassy sloughs 
may be found. The stream channels are neither numerous nor 
well defined, and, in fact, this area bears all the characteristics of 
topographic youth; it remains very much as it was molded by 
the overriding ice. 

The much larger, south and east portion of the county belongs 
to the Kansan drift area and presents evidences of early 
maturity. The stream valleys are comparatively deep and 
broad, and the uplands, though still broad, are almost com- 
pletely drained through a multitude of small V-shaped valleys. 

The drainage is southeastward through characteristic prairie 
creeks tributary to Iowa, English, and Skunk rivers. The 
largest streams, especially the North Skunk, have well-developed 
flood plains. Only in the northwest corner igs the imperfection 
of drainage shown by small sloughs and ponds, remnants of old 
and larger glacial lakes occupying depressions in the drift. 
’ Even these are almost extinct, for man is aiding nature in the 
work of drainage, both by open ditches and by tile. 
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GEOLOGY. 


The country rock of Poweshiek county (Pls. VIII, XV) belongs 
to the Carboniferous system, the Osage stage and Saint Louis 
limestone of the Mississippian series and the Des Moines stage 
of the Pennsylvanian series being represented. The Mississ- 
ippian rocks consist of limestones and some shales, so similar 
as not to be distinguished in ordinary well borings. They form 
the country rock over about three-fourths of the county, lying 
north and east of a line passing near Newberg, Grinnell, Jacobs, 
Montezuma, and Tilton. The Des Moines stage (Pennsyl- 
vanian) consists chiefly of shales, together with some sand- 
stones and limestones, and is the productive coal division. It un- 
conformably overlies the Mississippian west and south of the 
line mentioned above, except where North Skunk river has cut 
through and the alluvium rests directly upon the Saint Louis 
limestone. 

The older Kansan drift rests upon the country rock and is 
overlain in the northeast corner by the younger Iowan drift 
and elsewhere by a thin veneer of loess. In places there seem 
to be traces of a drift older than the Kansan, but these have not 
yet been well made out. 


UNDERGROUND WATER. 


SOURCES. : 


In Poweshiek county water is obtained from the alluvium, 
including some outwash gravels, the drift, the Des Moines stage, 
the Mississippian limestones, and deeper strata. Only the drift 
and the Mississippian limestone are of importance. 

The alluvium in the stream valleys is comparatively unim- 
portant, owing not only to its small areas, but to its slight depth. 
However, in the valleys of North Skunk and a few of the 
larger creeks sufficient gravel, probably of Buchanan age, under- 


hes the silt in such a way as to permit a strong underflow, which 


is utilized in shallow driven and open wells, chiefly in pasture 
wells for stock. 
The water beds of the drift are several in number, but are 
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not generally differentiated. In the loess-Kansan area shallow 
wells secure a meager, variable, and insufficient supply in the 
sandy phase at the base of the loess. In the Iowan area a 
gravel corresponding to the Buchanan gravel is not uncommon 
between the Iowan and Kansan drifts, but is not easily distin- 
guished on the uplands and is variable and uncertain as a source 
of supply. In the valleys it is more important, but can not 
there be distinguished from the alluvial sands, and has there- 
fore been classed with them. 


The persistence and abundance of their waters makes the ex- 
tensive gravel deposits which lie deep below the surface of the 
Kansan drift, the most valuable of all the Pleistocene sources. 
In many places these gravels are double, one bed occurring well 
up within the drift and another at the base. The former is 
probably of Aftonian age while the latter is probably residual 
rock material or rubble from the surface of the bedrock. What- 
ever their origin, they form excelfent waterways and reservoirs. 
In Poweshiek county these gravels are all deeply buried, lying 
at depths of 50 to 200 or even 400 feet. 


Small veins and seeps are found at intervals throughout the 
drift, and from these by far the greater number of the wells 
in Poweshiek county draw a somewhat variable supply of good, 
wholesome water. Only when larger supplies for town or stock- 
farm use are desired is it necessary to resort to rock wells. 


The Des Moines stage consists chiefly of shales, too imper- 
vious and too strongly impregnated with mineral matter to be 
of value as a water bearer. A few local sandstone beds furnish 
good water but these are not common in the thin margin of the 
formation found in Poweshiek county. 


The Mississippian limestones have sufficient sandy and porous 
layers to form a good water bed, which is persistent through- 
out Poweshiek county. Though deeply buried by drift, this 
bed may well be sought where a moderately large and constant 
supply is desired. Though hard, it is generally free from ob- 
noxious minerals and is an almost ideal stock water. Wells 
of 180 to 200 feet are most common, but some of 400 and 500 
feet are reported. 
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Deeper sources are reached by the city wells at Grinnell (p. 


578) and by a well on the ‘‘Farwell ranch,’’ near Montezuma; 


this last is reported to be about 2,500 feet in depth, but no re- 
cord of it is obtainable. 
BELLE PLAINE BASIN. 

About four square miles of the extreme northeast corner of 
Poweshiek county is included within the Belle Plaine artesian 
basin (pp. 426-429). Within this area wells ranging from 200 
to 250 feet in depth yield a strong flow. In other near-by wells 
the water rises close to the curb but does not flow. 

ea SPRINGS. 

A number of strong springs are found in Poweshiek county, 
especially in the southern and eastern parts. The spring near 
Montezuma (p. 583) and one on the farm of W. H. Taylor, south 
of the town, are among the more important. : 

CITY AND VILLAGE SUPPLIES. 

Brooklyn—tThe public supply of Brooklyn (population, 
1,233) is from a 208-foot well, the water bed being a sand and 
gravel layer, probably Aftonian, overlying blue clay near the 
bottom of the well. A higher water bed was found at 80 feet, 


but the flow was insufficient. This is the fourth well put down 


to this water bed, the others being abandoned chiefly on account» 
of difficulty with sand. The present well was sunk in 1903, is 
used without a screen, and no trouble is experienced. 

The water is pumped by a gasoline engine into an elevated 


_ tank that holds 16,920 gallons. The gravity pressure is 76 pounds 


in the business district and in ease of fire may be raised to 220 
pounds by direct pressure. A large reservoir, having a capacity 
of 1,000 barrels, is used to supplement the tank and hold the re- 
serve; 214 miles of mains supply 22 hydrants and 180 taps. 
Only about 500 or 600 barrels are used daily. 

An excellent water supply is that of John F. Scott, on Jack- 
son Street, whose well probably reaches at 230 feet the same 
gravel bed that supplies the city well. The water is pumped 
by windmill to an elevated tank and supplies some of the neigh- 
boring houses. The Chicago, Rock Island & Pacific Railroad 


uses the water of a small creek in preference to a shallow well. 
37 
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In the vicinity of Brooklyn drift wells are ordinarily dug to 
about 40 feet, though they range from 15 to 65, and some on 
the higher lands reach 90 feet. An abundance of good water is 
ordinarily obtained at this depth in gravel probably of Aftonian 
age. For larger supplies the gravels and sands at the base of 
the drift, in places at depths of 200 to 230 feet, are sought. The 
great depth of the drift and the abundance of water in its lower 
gravel beds is such that rock is rarely reached. The depth of 
the limestone is variously reported from 150 feet to the very un- 
usual depth of 400 feet. Water from limestone is hard Pue very 
constant in supply. 

The elevation at Brooklyn is 848 feet above sea level. The 
drill will probably leave the Kinderhook about 500 feet above 
sea level, will find the Silurian limestones from 275 above to 75 
feet below sea level, the Maquoketa shale to 300 feet below, and 
the Galena and Platteville limestones to 600 feet below sea level, 
at which depth the water bed of the Saint Peter sandstone 
should be discovered. Drilling should be carried at least 300 
feet deeper, or to 900 feet below sea level (1,750 feet from the 
surface), in order to: secure the flows from the creviced lime- 
stones and the sandstones underlying the Saint Peter. Water 
will probably be found in the Galena and surely in an adequate 
- amount in the Saint Peter and adjacent terranes. The Silurian 
is probably here somewhat gypseous, and absolutely water-tight 
casing should be carried down to the Galena and securely bedded 
there with the best of packing. 

Deep Rwer—tThe village of Deep River (population, 467) 
owns a waterworks system in which a deep well is pumped by ~ 
gasoline, compressed air being used to force the water from the 
storage tank through a mile of mains to 11 fire hydrants and 
several private taps under a normal pressure of 25 pounds, — 
which is increased in case of fire to 65 pounds. 

Most wells are in drift and are 30 to 40 feet in depth. Heavy 
beds of sand are reached at about 135 to 175 feet, and of lime- 
stone between 200 and 250 feet. All ground water is hard, but 
the limestone water is harder than the drift water. 

Grinnell_—The public water supply of Grinell (population, 
0,036) 1s obtained from deep wells (Pls. VIII, XV) by an air 











UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT 579 


lift and is emptied into a covered reservoir (capacity, 188,000 
gallons) at a rate of 7,500 gallons per hour. From this reser- 
voir the water is forced into the main standpipe by a direct- 
pressure pump having a capacity of 1,000 gallons a minute. A 
pressure of 50 pounds is ordinarily maintained, but this may 
be increased to 125 pounds in case of fire after cutting off the 
standpipe. A battery of two boilers of 50 horsepower each fur- 
nishes the steam for the station plant. From the standpipe 51% 
miles of mains distribute the water to 55 fire hydrants and many 
private taps. 

A second supply suitable for boiler purposes is obtained from 
Crescent lake, formed by impounding the waters of a small 
branch of Sugar creek. From this it is pumped into an ele- 
vated tank, located at the city station, which has a capacity of 
40,000 gallons. Two miles-of mains distribute about 40,000 
gallons daily, under 25 pounds pressure, to the city waterworks 
and the electric light plant, and to practically all the manufac- 
turing plants of the town using steam power. It makes a very 
satisfactory boiler supply. The amount available is limited 
only by the capacity of the pump, approximately 10,000 gallons 


-an hour. 


City well No. 1 has a depth of 2,003 feet and a diameter of 10 
inches to 208 feet, 6 inches to 408 feet, 5 inches to 1,185 feet, and 
4 inches to 2,003 feet; 10-inch casing is used to 208 feet, 5-inch 
from 408 to 958 feet, and 4-inch from 1,145 to 1,185 feet. The 
eurb is 1,028 feet above sea level and the head 230 feet below 
the curb. The tested capacity is 105 gallons a minute. Strong- 
ly mineral water, almost yellow in color, rises from the depth 
of 212 feet to 90 feet below the curb; water also occurs at 1,530 
feet, at 1,700 feet and lower. The well was completed in 1893 
by J. P. Miller & Company, of Chicago. 
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Record of strata in city well No. 1 at Grinnell. 

















Quaternary: 
Soil, doess3 rand “drifts 2c oe ks ec in cma rea sabowee ne cae cee Cena woma es eee eee 212 
Carboniferous (Mississippian): 
Saint Louis limestone and Osage stage— i 
Limestone, rather soft, buff; in chips mixed with sand and smail pebbles 





of northern rift aac nnke ees oe ee eae eee 8 
Shale, dark gray, fissile; fragments of impure chert; in light drab argillo- 
Cales#reous: POWE! oa acne case Sen eng ee sa sheen eee aw ees ae Pee ee ee 20 
Limestone, cherty, arenaceous, argillaceous; after washing is seen to 
contain many minute crystals of selenite_.....-...-.-_-_--o02 2. ee 30 
Limestone, gray; as fine sand in argillo-caleareous powder_.--..-------- -.. 45 
Limestone, cherty, and shale; as chips in argillo-caleareous powder__--. --.-- 50 
Shale and limestone; soft, fissile, dark drab; in powder; with a few minute 
fragments of limestone and considerable chert__------.---..--_--.------- 35 
Kinderhook stage— 
Shale, blue, calcareous; in powder, concreted into readily friable masses 
containing microscopic particles of quartz_......-...-__.-_-..---.------..-. 15 
Shale, hard, green-gray; with compact, light yellow, calcareous, siliceous, 
angular grains of transparent quartz, the largest 0.09 mm. in diameter__ 20 
Shale, fine-grained, caleafeous, greenish 5 
Shale, brownish) drab) 2.025222 5.---2 bin eee ee 10 
Shale, light blue-gray, somewhat calcareous; 2 samples___---_----_---_---_.- 100 


Shale, ‘brownish drab 
Devonian: 
Limestone, fine-grained’ ~ 2-22 hs ce eee oe Se oe 
Shale, light blue-gray, seleniferous, calcareous; a few particles of limestone__ 
Shale, light drab and bluish, somewhat caleareous; a little finely divided quart- 


Se ge ws eo a 20 


zose residue after washing; 5. .SBMples_2--. kee ek i eee 200 
Silurian: 

Limestone, light yellow-gray, granular, subcrystalline; brisk effervescence; 

much shale Wus-022-5.0e- 22 ah ee ce be are ee ee 10 
Shale and limestone; in light blue-gray argillaceous powder containing a few 

fragments. of limestone.2W2.525.2 2 ssc nsec c nee eee eee ore aat eee eee 15 
Shale, light blue and green-gray; somewhat calcareous; 7 samples, last at 900_ ~ 115 
Limestone, magnesian, medium dark gray, earthy, argillaceous__--_-_-_---__ 9 
Limestone, magnesian or dolomite; considerable hard, finely arenaceous, green- 

Yeh shales oi Sooo ee ee eee ee ee eee ee 20 
Shale, light gray, argillo-calcareous ...— 22-2 con co anneet ene nen eeuneesees 21 | 
Limestone, highly | cherty’ ..o-2 52050 ee Sn ep eae ee eee eee 22 
Limestone, ‘white, soft 2 2-202. 2202p ee ee 53 
Limestone, highly . cherty; 2 BBMYPlCBo soso ee eee eee aeee eee 65 
Limestone, cherty <i,.2: 2. soecun sancncan ace eee oon Oo eee eee 45 
Dolomite or magnesian limestone, light buff; in fine sand_-..--_-__------_---._ 25 

Ordovician: 

Maquoketa shale— ‘a 
Shale, light drab;. calcareous: -2.u. 222-2 neat esn seer cee eee ues 60 
Shale, light brown, pyritiferous; 2 samples, last at 1,280_-...--.--....-.... 60 
Magnesian limestone or dolomite, buff; residue cherty and microscopically 

ATCNACCOUS * Guanes eae ee da pee gan eee een eee 60 
Shale, 'STOWD San soes an noc cco ae et scan cone enecae sone sae see ocean ee 

Galena dolomite— : 

Magnesian limestone or dolomite, ferruginous; in dark buff powder; resid- 

uary quartzose particles 0.018 to 0.18 millimeter in diameter; 4 samples 75 
Wo" samples: 2-20 Meee ce ok ea a oe en ae ee ae eee 185 
Limestone, magnesian, cherty, light yellow; in powder_-.-...-----.-.----..- 20 
Limestone, light gray, fossiliferous; in flaky chips.-.--..-----_-----------.- 10 

Decorah shale— 

Shale, green, noncalcareous, ‘‘fossiliferous’’___...--..-....---.---.---<..— =. 15 

Platteville limestone— 

Limestone, magneésian; in ‘buff *powder 22. eee ee eee _ ab 

Saint Peter sandstone— 

Bae eCOne, ealciferous; quartzose particles from 0.018 to 0.18 millimeter in . 
PU NSS oo ops be ee Se eee ee eae ee ee Sy 
Sandstone, white; grains rounded and smooth; usual size about 0.55 milli- 


meter, largest 0.92 millimeter’.in diameter_..-__-2. = eee 84 

Sandstone, light reddish buff; fine grains, mostly broken; many stained 

with film of ferric oxide; largest 0.28 millimeter in diameter. 
Prairie du Chien stage— 

Shakopee dolomite and New Richmond sandstone— . 
No samples 2.2 cel BS ee eee eee 262 
Sandstone, highly calciferous, or limestone, arenaceous; sand grains 

angular, some rounded; largest 1 millimeter in diameter, matrix of 
dolomite, “white; ‘at, 2.225 42s ae Sek eee ee 








—! 


oe ee + 


























UNDERGROUND WATERS OF THE EAST-CENTRAL DISTRICT 581 

Record of strata in city well No. 2 at Grinnell (Pl. VIII, p. 420/. 

Thick-| 
ni Depth 
. Feet Feet 
Pleistocene (209 feet thick; top, 1,028 feet above sea level): 
Rem T) Let tee eae yo ee ee es ee ge ee See on oS ec 41 41 
SMITE D TRV CLOW nee a Ae en ee ee eee Fh 49 90 
CTU COVED Sica ak at Re ER eS SE ee ere OS Se AES ee eee 85 175 
Till, blue; darker than above  —.....-..-.-.- Beals hele ORs PERS IS ON 5 180 
a ITITe UCC ee Seok on ee eee ene Bos oe ea nace wha 29 209 
Oarboniferous (Mississippian): 
oye aad limestone and Osage stage (191 feet thick; top, 819 feet above sea 
level) — 
Limestone, buff, dense, hard; brisk effervescence; in small cuttings and 

REIBTOCERIEP TOW OED eon coe en en ee er nee eS LS Sede 5 214 
Sandstone, highly caleareous; grains of clear quartz, coarse, diverse in 

River INerTeCuly erOUNUed aaeees en nee k,n oe se ee Le 26 240 
Fes al i Sai aa ai ae bE et | CA RES Oe ne ee ee ce 6 246 
Limestone, light blue-gray; dull luster; slow effervescence; some cuttings 

Siesanostone, dark. dive, Jine-prained su. oss soe on Se eee 2 248 
BUMMER MUTE CUEt ee oy ote ss fe eee ee as tee Seat ae ited a td) ged 8 256 
Limestone, blue, highly cherty, argillaceous, pyritiferous; effervescence 

SEINE Mp Ee 08) 0 BS OMe RUMORS iS BES SOLE BO Ea ee ces eee oc ea 12 268 
Limestone, light gray, fossiliferous, encrinital; brisk effervescence___._____- 82 300 
anerockin aree Chips, Some. limestones =)... 0.22 oa ee et 25 $25 
Limestone, blue-gray and whitish; cherty and with microscopic angular 

mares at auartz;, Drisksenervescence.... 22 a te ee Seeks 25 850 
Limestone, light gray, cherty, arenaceous; rapid effervescence__._____-_.-__ 25 875 
Shale, light blue-gray; in powder; chert, blue; and limestone, gray --_____- 25 400 

Kinderhook stage (167 feet thick; top, 628 feet above sea level)— 
Shale, blue-gray; in friable concreted powder; largely composed of micro- 

SOpImemAUeuiaAn DUTTICIES Of (UBT2...b.o.Son coe. sleet ee A et 15 415 
Shale, green-gray; in hard concreted masses, quartzose__--..-.---..-.---__.. j 5 420 
RECON pat one meee ante one eees eee nab hoes ponent pchpontcaecebencuuweeuae 5 425 
Shale, blue-gray and olive-gray, calcareous; in tough concreted masses; J 

BRT DION Bee gt a ee ee BES A a Sa Sh a a ce heii on aie 142 567 

Devonian (216 feet thick; top, 461 feet above sea level): 
Limestone, gray; rapid effervescence; crystalline; some chips pyritiferous; much 

shale from above_-------------------= ese see ee ales oar eee aaa wes 25 592 
Shale, light blue, calcareous; in tough concreted masses_-_-------...---.---_____- 8 600 
‘Limestone, blue-gray; rapid effervescence; also shale, blue____----------------__ 33 633 
Shale; in tough, blue, concreted masses; 2 samples__--_.------_____-..--...-__.- 67 700 
Limestone, drab, hard; rapid effervescence; and shale, blue, in concreted 

Sn Eee ge eae i Bae ee en eb eta Saometersen sie b inane cdadneencand 23 728 
Limestone, light yellow-gray, argillaceous, or shale, highly calcareous; in con- | 

RpERCU NENT ENY (LOTR eee rn ee ee ee od ee eae 27 750 
Limestone, light yellow-gray, lithographic; brisk effervescence___-..--.-----._-- 26 776 
Bhatemuiie. somewhat CalCarecOus:2--. oo. ~ e. o ewance wece nee eanence eee if 783 

Silurian (414 feet thick; top, 245 feet above sea level): 
Limestone, brown, crystalline; rapid effervescence; in angular sand; also gyp- 

EBTIPEIAPEA VOI CO DOUG UIU 8 oan aoe oo cen ee et ce ek ac ee nee ae ebeaccncscuera eke 77 860 
Limestone, light gray, hard, compact, subcrystalline_.._......._....__-...___-.. 10 870 
TO eee oe a ee ae ee As ene nem eent cane 6 875 
Limestone, light yellow-gray and dark drab; moderately rapid efferves- 

BeeeenilGh WNT LOce y DAW ota seek oe tt eet re aan eet bee neabectnuenae 14 889 
Shale, calcareous, light blue; chert, white; and light gray limestone of slow 

CU” ee RR ELE See Soe aie Se eer ee ee Ee 26 915 
Dolomite, light gray, crystalline; slow effervescence___-_- ea 35 950 
Dolomite, light brown, macrocrystalline; in large chips; ‘a little white ‘gypsum 40 990 
Dolomite, light gray, crystalline; in small chips_---------..--.-.-------------__-- 10 1,000 
Gypsum, white, with shale, hard, dark green, calcareous, and highly arena- 

ceous; fairly large rounded grains and minute angular particles__..__.___....-_ 25 1,025 
Gypsum and shale; in whitish concreted powder-_-.-_.--_-------.----.._---..---.- 5 1,030 
Chert, white, gray, yellow and black; with limestone, light gray, of fapia 

effervescence bos Een Se Rees ope 8 Ge ee ee eerie 10 1,040 
Limestone, light yellow-gray, macrocrystalline; rapid effervescence; chert, 

white; and hard, green, arenaceous shale; cuttings chiefly chert_--.----__---- 40 1,080 
Limestone, light gray, earthy; rapid effervescence; much white chert_--------- 80 1,10 
Limestone, whitish and light yellow; rapid effervescence; shale, reddish and 

green; calcareous in molded masses; flint, brown and gray------------~.------ 10; 1,120 
Limestone, whitish, pink, and yellow, with much gray flint; shale, dark green 

and a little dark’ reddish; all concreted in greenish argillaceous powder----.- 80 1,150 
Limestone, whitish and yellow; rapid effervescence; much chert----.----.------ 20 1,170 
Limestone, magnesian or dolomite, crystalline, light VGH OW occ once es Sa cawen 27 1,197 

Ordovician: 
Maquoketa shale (211 feet thick; top, 169 feet below sea level)— 
Birnie. ree, slightly calenreous.22-——— <5 a nn cee ce neenoas 28 1,220 
MEMO SED TCGN ANG) DIO Wile saas ace psn no ears een er eee naan 8 1,228 
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Record of strata in city well No. 2 at Grinnell—Continued. 
































Thick 
ieee Depth 
Feet Feet 
No samples) (2.320220 ee eee 40 1.263 
Shale, dark brown, bituminous, burning freely; and rather hard,blue 
Bhale, pyritiferous -.-u2.Lccsc ase ete eee 2 1,265 
Shale, brown; in calcareous concreted masseS__--..--...-.-.---------.------- _ 19 1,284 
Shale, blue, in concreted powder; and limestone, dolomitic, in crystalline 
Sand; some dark-brown. siliceous cuttings-22-u- 6 ee 6 1,290 
BHnle! Plue. oe hee RA rote ee es ee ee ee 50 1,340 
Shale, Ught brown, caleareous) 3 sampiess oS oo ee eee ee 35 1,375 
Shale; drab, 2- = 223020 oe ee ee 83 1,408 
Galena dolomite to Platteville limestone (291 feet thick; top, 880 feet below 
sea level)— 
Dolomite, light buff and brown, crystalline, porous; in chips_-.----------- 42 1,450 
Dolomite, as above; cherty;. in sand. ... 5-220 oe oa eee 25 1,475 
Dolomite, as above; with greenish, argillaceous and microscopically arena- 
ceaus powder; S ‘samples .-25- ue a eee 75 1,550 
Limestone, gray; brisk effervescence; in sand-_-----_---_- 10 1,560 
Dolomite, buff and brown; in.crystalline sand; 2 samples 65 1,625 
Limestone, dark drab and light gray: rapid effervescence_- 25 1,650 
Shale, green, hard, laminated, slightly caleareous__--_--- an =e 4 1,654 
Limestone, yellow-gray, crystalline; rapid effervescence; some rounded 
erains of quartz sand2_--.2- 2) 33 ee eee par be Sys 37 1,691 
Shale, green, laminated, hard; practically noncaleareous__------------------ 8 1,699 
Saint Peter sandstone (32 feet thick; top, 671 feet below sea level)— 
Sandstone,. white; grains rounded; largest 0.8 millimeter in diameter_-__ 82 1,731 
Prairie du Chien stage— 
Shakopee dolomite (169 feet thick; top, 703 feet below sea level)— 
Dolomite, dark brown and gray, hard; much quartz sand in drillings; 
dolomite cuttings very sparingly arenaceous____.-..--.2.-..-..--___-__ 39 1,770 
Dolomite, buff, arenaceous; with grains seen to be embedded; in sand 
and large chips of. vesicular dolomite. 2... 2222.2 eee 34 1,804 
Sandstone and dolomite; in buff sand; quartz sand in excess___-__--__ 9 1,813 
Dolomite; in buff sand, cherty, oolitic, arenaceous, as inferred from 
quartz: sand in ‘drillings-2. Su. 2. 2 eee eee 27 1,840 
Dolomite, gray, vesicular, crystalline; in large chips_---_.---_-..-.--___-_- 20 1,860 
Sandstone, white; largest grains 1 millimeter in diameter, showing some 
secondary enlargements; with chips of finer-grained sandstone, with 
calcareous cement ----- perenne) bec o5 Con tS hs cea ee ee 6 1,866 
Dolomite, gray; in. large .chips=ic-3.. = es Se ee eee 34 1,900 
New Richmond sandstone (79 feet thick; top, 872 feet helow sea level)— 
Sandstone and dolomite; in buff, fine sand; quartz sand in excess; grains 
of quartz sand and cuttings of dolomite of about same size___-_____-__ 33 1,933 
Sandstone, white, rather coarse; grains with secondary enlargements; 
some chips showing calcareous cement_-- ..--------------.------_...-.- -17 1,950 
Sandstone, buff; finer than above; in chips showing caleareous matrix___ 29 1,979 
Oneota dolomite (8 feet penetrated; top, 951 feet below sea level)— 
Dolomite,. whites, in. chips. 22.2560 Shea eee eee ee eee 4 1,983 
Dolomite, cherty, bright: buff; in sand:=-223 Se eee 4 1,987 


‘ Dolomite, buff; in sand. 





Malcom.—The town of Malcom (population, 377) is provided 
with a water supply from two wells. An elevated tank fur- 
nishes 65 pounds pressure for a mile of mains, supplying nine 
hydrants and a few private consumers. 


Montezwma.—The public supply of Montezuma (population 
1,172) is from a 300-foot well. The water is pumped by gaso- 
line engines into a 20 by 24 foot tank, elevated on a 100-foot 
steel tower. Distribution is entirely by gravity, through 2 
miles of mains to 17 fire hydrants and 35 taps. Only about 200 
barrels are used per day in summer. A pressure of about 45 
pounds is maintained throughout the town. The water is hard 





* 
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and deposits a red precipitate on the pipes, showing that, though 
some of it may be drawn from the limestone, a large part of it 
comes from the overlying Pleistocene gravels, which in many 
places carry much iron. — 


Two miles northeast of Montezuma is a spring which is said 
to flow in a 2-inch stream from a sand bed into a 12 by 12 foot 
brick reservoir, from which arrangement is made for pumping 
by a gasoline engine. This spring is being considered as a source 
of public supply. 


In the vicinity of Montezuma plenty of water may usually 
be found in drift sand at depths of 50 to 60 feet or perhaps 80 
feet on the uplands. Fine sand has caused some difficulty in 
pumping and on that account a few wells have been abandoned 
or extended to limestone at depths of 200 to 300 feet. The lime- 
stone water is hard and stands about 100 feet below the surface; 
the supply, however, is certain and very constant. 


Montezuma is 948 feet above sea level, but an accurate esti- 
mate of the depths of the different water beds is difficult be- 
cause of a hypothetical east-west sag bounded on the south by 
the upwarp of the lower Paleozoic formations of southeastern 
Iowa. If the dip of the strata from Belle Plaine to Pella ig uni- 
form the Saint Peter should be found at Montezuma about 64? 


-feet below tide, a depth nearly coincident with that given on a 


section from Grinnell to Sigourney. But the sag may carry the 
Saint Peter down to 675-or 700 feet below sea level or at most 
1,650 feet below the surface. A deep well should be drilled at 
least 300 or 400 feet below the Saint Peter into the subjacent 
limestones and sandstones, where an abundant supply will prob- 
ably be secured. The well should be sunk to a depth of 1,950 
to 2,050 feet. 


The upper waters from the Mississippian and probably also 
any water found in the Silurian will be heavily mineralized and 
should be shut out. The quality of the lower and main waters is 
a matter of prime importance which regrettably can not be de- 
finitely predicted. In general, it is believed that these waters are 
of a fair quality, but there are some indications to the contrary 
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for this locality. The experience of Sigourney, where casing car- 
ried to the Galena, as reported, still left an unpotable water, is 
distinctly discouraging although the probabilities are that at 
the latter place either the casing leaked or the Galena water was 
heavily mineralized. On this last supposition a water-tight 
easing bedded a short distance above the shales of the lower 
Platteville should have remedied the difficulty. At Pella the 
upper waters were found unpotable, but when cased out, the 
lower or Ordovician waters were insufficient in quantity. The 
Pella well, however, reaches only to the Saint Peter; had it been 
sunk a few hundred feet deeper fair waters of good yield would 
have probably been secured. The experience of the second city 
well at Grinnell, which succeeded in casing out the injurious 
sulphated waters of the first well and still had an abundant 
supply, would probably be duplicated at Montezuma with due 
care in the construction of the well. The water sill probably 
head at about 175 feet from the surface. 





WELL DATA. 


The following table gives data of typical wells in Poweshiek* 
county : 
Typical wells of Poweshiek County. 











a 
er hts : 
‘3 re) 3 Remarks 
, F ° ° 
Owner . Location 2 = am 3 (Logs given in feet) 
ee) 2 qe ge 
a 2 5m 3 
A a a? lq 
T. 78 N., R.14 W. Feet | Feet Feet 
(Part of Jackson). 2 
W. H. Taylor.....|SW. 4 sec. 34.--| 217 177 |Limestone_|— 90 |Yield, 10 gallons per min- 
ute; pumped by gas and 
wind engines. ‘Tron 
: and sulphur’ taste. 
| First water bed at 180. 
Olty” of Montezuma. —----.2-be. oe 800 200 |.... do -...|— 65 |Pumped by 10-horsepower 


gas engine. Hard. Iron 
| taste. Used but little. 
T. 80 N., R. 16 W. 














(Grinnell). 
J. W. Folwer--.-.- Grinnell] ..--.-..| 434 200 |Limestone |—130 |Pure. Water beds at 216 
and shale) and 300. Pumps 9 gal- 
lons a minute without 
lowering. i 


M. A. Sears...-. ie OO Mececatee 183 (a) ‘Fine sand .'— 83 'Plenty of soft water. 





Le 


——_T 8 te = oe 
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Typical wells of Poweshiek County—Continued. 









































| : 
= 
2 “ ° s 
. ° oO emarks: 
Owner Location s = 3a 2 (Logs given in feet) 
. 5 5 25 a5 
Qa A Die on 
T. 80 N., R.14 W. L fi 
(Bear Creek). Feet Feet Feet 
Talbot and Thomp-|Sec. 12 — _ _--_- 605 325 |Red sand-|—125 |Pumps 12 gallons a min- 
son. | stone. ute. Black soil, 3; red 
| Clay, 75; blue clay, 246; 
| sand (dry), 1; blue and 
gray shale, 225; white 
clay, ae limestone, 46; 
red sandstone, 2. 

Mauve Ore brookly DN. | 2-2-2 soos. CLT Naa Se eee SC Nata at Vo he eae 5 
| gravel 

John F.. Scott_----/Brooklyn -----.. PEE | 3k ea | ee do ----|—100 |Abundant soft water. Soil 

and yellow clay, 80; blue 
clay, 200; fine sand and 
gravel, 3. 

James Catderwood|SE. 3% sec. 2..._| 575 400 Limestone-|\— 50 |Very constant. Red clay, 

50; blue clay, 350; lime- 
stone, 175. 

Luther Triplet ----|SE. 3% sec. 4..-.| 201 (a) |Gravel___-- — 65 

J0sn e+ Coulter -.-|S. 4 sec. 15_...--| T70 169 |Limestone.|— 50 |Fine well; probably from 
|_ (2) gravel. 

(Sy 9S} ole EE Doyle =~ 172 170 Limestone_|— 10 |Probably from gravel. 

J. N. Newkirk_---. NE. 3 sec. 16.---| 578 825 |_--- do ----|— 75 |Strong well. Soil and yel- 
low clay, 60; blue clay, 
| 262; gravel and sand 
| ‘ (dry), 8; shale (?) slaty 

color, 247; limestone, 

hard, gray, 6. Hard and 

strongly mineral. 

Pumped by hatte en- 

gine to tanks of farm; 
ee N., H..14. W. neighbor. 

(Madison). also of neighbo 

John W. Jones_----|W. 4 sec. 20_--_| 400 (a) Sand .--- — 65 

T. 78 N., R.18 W. 

(Deep River). 
ett buxtor-...|NE« 3. see, 5.—..|b2-.---|--.-=--- Limestone-|— 75 |Can not pump down. 

John Doonan ----- 14 miles north of, 194 180 |_..- do ----|— 94 |First water at 165 feet in 
Deep River. sand and clay; viele a 

T. 9 N., R.14 W. | gallons a minute. Har 

(Scott). | 

R. F. Hutchinson-|SE. 4 sec. 28._-.| 202 152 |_--. do __--|—100 |First water bed at 50. Sand 
| and gravel. Hard. Drift, 
152; slate, 16; coal and 
. fire clay, 2; shale; lime- 

stone, water-bearing. 

John Hutchinson -|SW. 4 sec. 27_--| 181 171 |---. do -.._|\— 68 |Strong well. Drift, 168; 

sand, partly cemented, 

3; limestone, 9; lime- 

stone, very hard, J. 

White Bue milky after 
| storm; hard. 

Wm. T. Hutchin-|NE. 3 sec. 34___-| 184 4 b= 3 Ra [sees as o~ el | Black water at first, bad 

son. odor; later cleared. 

John R. Johnson_-|NE. 34 sec. 35__--| 412 181 |_--. do ----|—100 |/Red clay, 75; blue clay, 50; 

sand (scant water), 6; 
limestone, hard, gray, 
| 281. Pumped 8 gallons 
per minute at test with- 

out lowering. 

Wiens ‘Sepa nh qtee. as a (a) ener ees — 35 |Strong well. 

. son Z Bee...G.25.1") 324 “ee uSe es andstone_|— ; 

7) NR 13 Ww. sto 40 \Very strong well 

(Lineoln). 

J. A. Dougherty_--'SE. 4 sec. 3___-- 180 (a) !Gravel___-- —100 |Never pumps lower. 

aNo rock. 
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SCOTT COUNTY 





BY W. H. NORTON. 


TOPOGRAPHY. 


Seott county is an area of faint relief. The larger part is 
an upland of well-nigh level Illinoian drift, sharply dissected 
along its margins, but elsewhere drained by shallow though 
broad waterways. The extreme northwestern part is occupied 
by a maturely dissected area of Kansan drift. Along the right 
bank of the Wapsipinicon valley in Butler and Princeton town- 
ships rises a narrow and high ridge composed largely of loess 
and sand. The recently cut channel of the Mississippi from 
Princeton south gives room for a narrow alluvial lowland south 
of Valley City and one somewhat wider below Davenport. That 
part of the wide flood plain of Wapsipinicon river which lies 
south of the channel, an area of about 35 square miles, falls 
to Scott county. Across the western part of the county 
stretches a broad marshy sag once occupied as a temporary 
channel by the Mississippi and now held by an insignificant 
stream called Mud creek. 


GEOLOGY. 


Buff and bluish dolomitic limestone quarried at Le Claire and 
belonging to the Niagaran underlies the northern part of the 
county; higher and younger limestones of Devonian age, of 
which the Davenport quarries furnish examples, underlie the 
drift in Davenport and Blue Grass townships; and shales and 
sandstones belonging to the Pennsylvanian series occupy the 
extreme southern part of the county. (See Pl. XV.) 

UNDERGROUND WATER. 


Underground Water Provinces. 


Wapsipinicon Flood Plain—Wapsipinicon river, which forms 
the northern boundary of the county, flows over a flood plain 
whose width on the right bank of the stream ranges from half 
a mile near Dixon to three miles at McCausland. On this plain 
alluvial sands and gravels supply abundant water to shallow 
dug and driven wells. 
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Mud Creek Channel.—The little stream of Mud creek drains 
the northern portion of an ancient channel held by several geo- 
logists to have been cut in glacial time by the diverted waters 
of Mississippi river. The channel floor is about a mile 
wide, increasing at the mouths of the valleys of tributary creeks. 
Ground water stands high. Much of the area is ill drained and 
ponds and marshes occur, especially at the col which crosses 
the flat valley floor at the head of Mud creek, separating it 
from the headwaters of another creek, Elkhorn, whose course 
is in the opposite direction. Along this channel ground water 
is easily reached by shallow wells. 

Cleona Buried Channel.—In the western part of the county a 
distinct ground-water province exists in the ancient and deeply 
buried river valley called Cleona Channel, from a township 
through which it passes. The depth and width, which consider- 
ably exceed that of the present Mississippi channel contiguous 
to the county, lead to the inference that it was cut in rock by a 
stream of large size. Apparently the rock-cut valley is wide- 
floored and bounded by steep bluffs now buried deep from sight. 
In the village of Plainview wells a few rods apart show sharp 
descents of the rock surface of about 150 feet, and in Cleona 
township the rock surface declines more than 260 feet within 
a mile. 

The Cleona Channel joins the valley of the Wapsipinicon 
north of Allen Grove and Donahue, and probably continues down 
that valley to join the deep preglacial channel of the Mississippi 
north of Princeton. From Allen Grove southwest to Plain- 
view it coincides in part with the broad flat-floored valley of 
Mud creek, but from Plainview to Durant it lies mostly on the 
east side of Mud creek valley. 

North of Durant, in section 19, Cleona township, the channe) 
attains a depth of more than 300 feet below the surface of the 
ground. The rock floor is not reached here at an elevation of 
399 feet above sea level. This elevation is but 20 feet above 
extreme low water in the Mississippi at St. Louis, and the fall 
thence to the Gulf of Mexico is but three inches to the mile. 
The rock floor here is more than 160 feet lower than the present 
bed of the Mississippi at Le Claire. 
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In this province water occurs in river or glacial-outwash sands 
with which the channel has been heavily aggraded, and which 
have been deeply buried beneath stony clays deposited by an- 
cient ice sheets. The formations to be met with by the driller 
vary considerably, as the following well logs show: _ 
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Figure 5.—Map of western Scott county, showing the ancient channel now occupied 
by Mud creek (shown by shading) and the buried Cleona Channel (bounded by broken 
lines). Figures at deep wells (@) indicate the elevation of the rock surface 
above sea level. Figures prefixed with minus signs are used with wells which 
did not reach rock and indicate that the rock surface is less than the elevation 
given, that of the bottom of the well. 
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Log of well of Ja Goettsch, NW \% sec. 9, Cleona Township. 




































































Thick 
ness | Depth 
| Feet | Feet 
DPmncEttmmETide Dinars RANSAN (2) oe ee eee te eo 102 | 102 
DinveepinewemiLamening, Afttonian) 282.2025 sat ase ee 45 | 147 
See GEL NEDRRSEAN ooo kul conn c ce ene carers aceous sapcetecuarurceeasen 50 | 197 
a | OST) Ge ea a ay oY SNL Lge Np Sac rg ee ee 184 | 831 
Log of well of Henry Roh, NE. \% sec. 26, Allen Grove Township. 
Thick 
ness | Depth 
Feet Feet 
TUES, ATT Aaa MD eee eR RR SL Sl a a es Se 100 100 
TES aN ilies Ds aa Pa ar, al SiS 2 IRE Tae IS AR I A 5 Rn So 25 125 
Clay, blue, stony, underlain by 70 feet of river sand resting on blue till----_-._ 150 275 
le Li A a a nae aE TS a eae Os ee se ee 25 300 
Log of well of J. Rathjen, SW. % sec. 12, Cleona Township. . 
Thick- | - 
ness | Depth 
Feet Feet 
CTO VBL in eg ere CS Sap ee Se Ct i a ne Se a eR 35 35 
co EUR) eal RSS Ee ee ee ee ae a ee ee eee 205 240 
ee es Ae ee et a ee aap aa Se ae eee 2 242 
Log of well of Lena Mumm, NE. \% sec. 21, Cleona Township. 
| ‘Thiek- 
| mess Depth 
| . 
Feet Feet 
ING ONY Be poe a a sas ote cee wa pein cee we Seen ee ans sessed eee 12 12 
Case TALIM) Syke a Ss Ea ee a ae a ep Pe er 236 248 
RUUTRMRES TEC TEL U CL Me oa asa is ad ae lS eas ee ae en oa a aah ean Sree & 30 278 











These and other wells show that in places beds of sand covered 
with stony clays occur at a depth from the surface of about 
100 feet. These sands are apt to be too fine to be available for 
wells with the methods now in use in well construction. At 
depths of 200 to 275 feet a body of sand is encountered, 
which probably rests on bedrock, although, as it has not been 
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drilled through, this is not altogether certain. The thickness 
of this bed may reach 130 feet. Because of the fineness of grain 
over much of this depth, it may be expected to give much 
trouble to the driller, but there are coarser layers and gravel 
beds in which a good supply can be obtained. 


Niagaran Province.—The Niagaran province embraces the 
two northern tiers of townships, where most of the wells are 
compelled to pass through the drift and find water either in the 
Niagaran dolomite within a short distance from its surface or 
in overlying gravels. 

In Liberty township rock outcrops in the northern sections, 
as about Big Rock and Dixon, but in the southern half it is 
covered with 50 to 140 feet of drift. The depth to water 
varies widely in wells but a short distance apart; throughout’ 
the township water is found in rock within 50 to 150 feet of the 
surface. 

In Hickory Grove township, except along the buried channels 
of Cleona river and of another preglacial stream which passes 
through the eastern tier of sections, rock occurs within 30 and 
50 feet between Plainview and Maysville and within 80 and 150 
feet elsewhere, water being commonly found a few feet below 
the rock surface. 

In Winfield, Butler, and Princeton townships, outside of the 
Wapsipinicon valley, water is found but a short distance below 
the rock surface, which lies within 60 to 170 feet of the surface 
of the ground on the upland back of the bluffs of Mississippi 
river, at whose base rock outcrops. Northwestern Winfield 
township, however, lies in Cleona Channel, and a series of wells 
from 190 to 225 feet deep to rock in sections 15, 26, and 35 in- 
dicate a buried channel somewhat less deep and wide than the 
Cleona, with an approximately south-north course. 

In Sheridan and Lincoln townships and the western parts of 
Le Claire and Pleasant Valley townships rock is generally found 
at 60 and 70 to 150 feet, some wells reaching it, however, at 170 
feet or even more. In the eastern sections of Le Claire and 
Pleasant Valley townships rock occurs at or near the surface, 
and wells passing through 30 to 60 feet of drift find water with- 
in 75 to 150 feet of the surface of the ground. 








a hy 
> - 5 
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Devonian Province.—In Davenport township rock is generally 
entered at 80 to 170 feet, and water is found 10 to 50 feet below 
rock surface. Along the Mississippi rock outcrops in the side 
of the bluffs, but is covered with heavy drift and loess. A 
buried deep channel is suggested by wells in section 12 which 
strike rock at 212 to 230 feet, and a well in Davenport, on Gains 
Street, said to be 200 feet to rock. These wells are aligned with 
the channel traced near Leroy Grove, in Winfield township, but 
there are no well reports from the eastern sections of Sheridan 
township, through which the channel connecting the two ‘‘deep 
countries’’ would run. 


In Blue Grass township, Devonian limestones lie 40 to 50 feet 
below the surface about Walcott, and from 80 to 100 feet be- 
low elsewhere. In sections 1 and 12, however, two wells, one 
230 feet to rock, and the other 275 feet deep, ending in sand, 
probaby mark the southward extension of the buried channel 
which stretches across the eastern tier of sections of Hickory 
Grove township. No data are at hand to trace the channel south 
of section 12. 


Carboniferous Province-—The Carboniferous province in- 
cludes the larger part of Buffalo township and parts of Rocking- 
ham, together with outliers in Le Claire and Sheridan townships. 
Here beneath the drift the drill strikes the shales and sand- 
stones of the Pennsylvanian series or Coal Measures. As the 
water contained in these beds is meager in quantity and is, as 
a rule, highly mineralized, wells are generally drilled to the un- 


- derlying limestones, where water of excellent quality is found 





in ample amounts and with a head which lifts it high in the 
well. 


Outside of Buffalo township the outliers of the Pennsylvanian 
are small in area, but as they occupy very ancient channels cut 
in Niagaran dolomite, may reach 200 feet in depth. The follow- 
ing are typical wells in the Pennsylvanian province: 


592 UNDERGROUND WATER RESOURCES OF IOWA. 


Log of well in Buffalo Township, SE. % SE. \, sec. 16. 




















Thick- 

ness | Depth 

Feet | Feet 
OlAY pi VON OW Sor wank ssn iw a ee ae eee red ee ee ee 0 20 
SOapstone osc ence soso co cc bee cs gc rebene eno ates 8 an aoe Boece eee nee ee 25 45 
oh Fi ie eee Se ea ee aes hexyl Se Tey Mer eee ee lei EF epee 23 47% 
OBI eee ee rn ee eee ee eee 4 48 
Wirawela ye. 2 oa ee ee ee eee g 50 
TOF a ee So a Sia meine ae agnor ee ee ee ee ee 20 70 
CGF cy) Ui, a lpn ee a Ne ee Te AN Peas Clee pI Posh eo be 23 72h 
PireGlay 5 2 eo as yc Sa ee ee ee ee 1 73h 
Limestone’ (Devonian) ‘2. 28a Sore eee a ee 664 140 























Thick 
ness | Depth 
Feet Feet 
oJ EW C6 EN eee een ea nF ae es 
Sandstone, white: ..2 25-2 a ee ee aes ee eee 6 96 
Shale, DING ocacnsas- seen sehen es ee ee eat eee ee eee 70 166 
Sandstone nvccsca sete aks lec as ee re ee Oe 9 175 
Shale, blue: 2s2c6 2 seca S hs ee wc ee oe oe a ee 25 200 
Limestone (Niagaran) with water vein beneath the shale, water heads 4 feet from 
Burfiate . oo ae os ee rn er ee a a 26 226 





The White Sulphur Springs well is located in the NW. %4 
sec. 24, Buffalo township. Its depth is 800 feet. It has a flow 


of strongly sulphureted water. The well was completed prior 
to 1870. 


CITY AND VILLAGE SUPPLIES. 


Bettendorf—At Bettendorf (population, 909) the well of the 
Bettendorf Improvement Company has a depth of 1,650 feet 


and a diameter of 12 inches at top and 9 inches at bottom; — 


casing, 12-inch to 80 feet. The principal water bed is from 500 
to 650 feet; flow, about 1,000 gallons a minute. Temperature, 
65° F. Driller, John D. Shaw, of Davenport. 


The Bettendorf Metal Wheel Company’s well No. 1 has a 
depth of 400 feet and a diameter of eight inches; cased to rock, 
20 feet. The curb is 585 feet above sea level and the head 15 
feet below the curb. Tested capacity, about 30 gallons a min- 
ute. Water somewhat sulphureted. 
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The Bettendorf Metal Wheel Company’s well No. 2 has a 
depth of 1,539 feet and a diameter of 10 inches to 60 feet, 8 
inches to bottom; cased to 60 feet. The curb is 585 feet above sea 
level; head not reported. The flow is 200 gallons a minute. 
The well was completed in 1909 at a cost of $2,300 by J. D. 
Shaw, of Sioux City. 


Davenport—Davenport (population, 39,797) is supplied with 
water drawn from Mississippi river and filtered. It is dis- 
tributed by gravity pressure, 65 pounds, and direct pressure, 125 
pounds. There are 72 miles of mains and 650 hydrants. The 
works are owned by the Davenport Water Company. 


The 30-inch cast-iron intake pipe opens 1,000 feet off shore, 
the joints being all thoroughly calked with lead. The water 
flows from the intake pipe into a forebay, which is screened to 
prevent fish or floating debris from entering, and thence into the 
well, from which the suction is taken. Well and forebay are 
cleaned from 20 to 40 times a year. The water is then pumped 
into a settling basin with a capacity of 5,000,000 gallons, where 
it remains for 24 hours. This basin is cleaned once a year, the 
sediment collected during this time amounting to about three 
feet at the end of the basin at which the water is delivered, and 
one foot at the end where it is taken out. 


From the settling basin the water flows through a flume 
over a weir into the coagulating basin with a capacity of 300,- 
000 gallons, at whose entrance it is met by the coagulant solu- 
tion. From two to five grains of sulphate of alumina to the gal- 
lon is used, the amount depending on the condition of the raw 
water. The alkalinity is tested daily. The filter alum is dissolved 
in tanks into which air is blown under pressure through pipes 
at bottom. The solution flows by gravity to a lead-lined cen- 
trifugal pump, by which it is lifted to an upper tank, which over- 
flows into the bottom tanks, from which it is fed by gravity into 
the water in the coagulating basin. This method is believed to 
keep the solution at uniform strength and insure a uniform 
head. The water in the coagulating basin is given three hours 
for the completion of the process, and is then pumped under 

88 
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pressure through the filters into the main distribution.. Each of 
the ten horizontal filter shells is 32 feet long and 714 feet in 
diameter. Each shell is divided into two compartments, in each 
of which are five feet of sand. The filter shells are capable of 
sustaining a pressure of 200 pounds to the square inch. | 


The bacterial efficiency is reported to range from 96 to 99.06, 
the percentage increasing with the number of bacteria in the 
raw water. 


An upper and lower distributing service is employed. The 
lower service is supplied from the river station, which is desig- 
nated station No. 1, and serves, under direct pressure, the busi- 
ness section of the town and that along the flood plain of the 
river. At station No. 2 the filtered water is pumped into a 
reservoir and the mains are so arranged that the pumps can be 
brought into commission at time of fire on the lower service to 
aid the pumps of station No. 1. When fire occurs on the upper 
service the pumps of station No. 2 supply direct pressure. 


The Davenport waterworks supply the Lowa Soldiers’ Or- 
phans’ Home, whose daily consumption is about 15,000 gallons, 
at a cost of 10 cents for 1,000 gallons. The supply had pre- 
viously been drawn from a well on the grounds of the insti- 
tution, but the capacity proved insufficient.. 


_ The sequence of formations at Davenport has been fully 
treated by Udden and by the writer,? and the correlations speci- 
fied in the papers cited have been confirmed, on the whole, by the 
records of wells drilled since their publications (See Pls. XII, 
p.. 618, XV; p. 812.) 


The surface rock at Davenport is the Wapsipinicon lime- 
stone of the Devonian system, the type outcrops of the Upper 
and Lower Davenport limestones of the Iowa State Survey be- 
ing within the city limits near the water level of Mississippi 
river. The Devonian includes shales (as shown by the Kim- 








1Water resources of Illinois: Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 
1896, pp. 829-849. 

2Artesian wells of Iowa: Rept. Iowa Geol. Survey, vol. 6, pp. 272-280. 
. 8Many of the data as to the newer wells were collected by Udden. 
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hall House samples, and by the record of ‘‘caving material’’ of 
_ the Malt & Grain Company’s well No. 2) which may be assigned 
to the Independence shale member of the Wapsipinicon. The 
base of the Devonian may be placed at 475 feet above sea level. 


The samples from the Kimball House well, confirmed by other 
well records, define the lower limit of the Niagaran and summit 
of the Maquoketa at about 130 feet above and the base of the 
Maquoketa at about 100 feet below sea level. 


The Galena dolomite extends at least to 250 and perhaps to 
300 feet below sea level. The undolomitized limestones and ac- 
companying shales of the Platteville limestone meet the Saint 
Peter sandstone at about 448 feet below sea ievel, according to 
Udden. The records as to the summit of the Saint Peter are 
singularly conflicting, however, varying from 376 to 511 feet 
below sea level. The base of the Saint Peter sandstone ig also 
variously reported, and Udden’s estimate of 524 feet below sea 
level may be accepted as an approximation to its average place. 


The Prairie du Chien stage, on which the Saint Peter rests, 
consists in its upper beds of shales and interbedded dolomites 
which reach a thickness of more than 100 feet. In several wells 
red marl is reported from this horizon. 

The Jordan sandstone, which succeeds the Prairie du Chien 


at about 800 feet below sea level, is at least 150 feet thick and is 
continued downward into sandy limestones and limy sandstones 


of the Saint Lawrence formation, from which its parting is ill- 
defined 1. the driller’s logs. The shale from 1.268 to 1,308 feet 
below sea leyvl may be taken as the basal portion of the Saint 
Lawrence, the latter depth marking the summit of the Dresbach 
sandstone. The deepest wells show that the Dresbach is under- 
lain by heavy shales, succeeded below by another sandstone. 

The first water obtained at Davenport comes from the De- 
vonian at 440 to 480 feet above sea level. It may represent the 
natural springs which rise from the Independence shale member 
of the Wapsipinicon limestone along its outcrops. The water 
iS insignificant in quantity, but is noteworthy because of its 
corrosive qualities, which eat the casing from the outside, where 
the drill hole passes through water channels. 


ot 


.... 
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A second flow is obtained.in the Galena dolomite at depths 
of 108 to 242 feet below sea level. This is the so-called ‘‘upper 
water’’ and is noticeably impregnated with sulphureted hydro- 
gen. Aeration and relief from pressure insure a rapid and com- 
plete escape of the gas. The water is frequently separated from 
lower flows. The yield has been generous, amounting in the 
Witts well to 300 gallons a minute. 


A third flow comes from the Saint Peter sandstone, which 
has so far furnished the larger part of the discharge of the 
Davenport basin and is the main water bed supplying wells 
from 1,050 to 1,200 feet in depth. 

The analogy of other localities, where observations as to dis- 
charge seem to have been more carefully made, testifies that the 
Prairie du Chien stage, especially its middle and lower portions, 
will also contribute largely to the flow of wells. 

The Jordan sandstone at 745 to 945 feet below sea level may 
be depended on to yield generously with a head at present more 
than 20 feet higher than that of the Saint Peter. 


The Saint Lawrence may be expected to yield little, if any, 
water, but the underlying Cambrian strata contain a well- filled 
reservoir 1,300 to 1,500 feet below sea level. 

As is commonly the case when numerous artesian wells are 
drilled in a small area, the Davenport artesian field has shown 
from the beginning a progressive loss of pressure, lowering of 
static level, and diminution of discharge. This has been special- 
ly marked in wells 1,200 feet and less in depth, in which the main 
supply comes from the Saint Peter. The initial head of these 
wells seems to have reached 651 feet above sea level, as shown 
by the woolen mills well drilled in 1890. In 1891 an initial head 
of 612 feet was reported, in 1892 initial heads of 606 and 631 
feet, in 1893 of 610 feet, and in 1905 the initial head (at the Malt 
& Grain Company’s well) of the Saint Peter was less than 592 
feet above sea level; all these heads are those of new wells and 
are therefore affected by no causes other than overdraft. 

The head of the Jordan and lower waters remains higher than 
that of the Saint Peter. Thus the head of the Park well, drilled 
in 1888, was initially 682 feet above sea level and in 1895 had de- 
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clined to 670 feet. It should be noted, however, that this well 
is situated on high ground and is nonflowing. The initial head 
of the Malt & Grain Company’s well for the Jordan, drilled in 
1905, was 612 feet and that of the well of the Bettendorf Metal 
Wheel Company, drilled in 1909, is 606 feet above sea level. 


In recent years the static level has been lowered by the use 
of compressed air in pumping a number of the wells, and though 
the discharge of the wells pumped has been increased to even 
more than the initial flows the head of other wells has been 
so reduced that they no longer flow. Thus the initial flow of 
the four wells of the Corn Products Refining Company is re- 
ported at 1,413 gallons a minute. In 1908 the natural flow had 
declined to 842 gallons, but with compressed air a discharge 
is obtained of 1,635 gallons a minute. The well at the woolen 
mills yields at present but 25 gallons a minute under its natural 
pressure, but with compressed air gives 225 gallons. The two 
wells of the Independent Malting Company, which yielded in 
1905 but 350 gallons, now pump 800 gallons. The well of the 
Crystal Ice Company, which flowed 250 gallons, pumps 240 
gallons a minute. 

The flow from the deeper aquifers still remains fair in new 
wells. Thus the new well of the Malt & Grain Company flows 
150 gallons, that of the Davenport Malting Company, and that 
of the Bettendorf Metal Wheel Company, each 200 gallons a 
minute. 

As the static level of Saint Peter waters is now below the 
surface and the supply overtaxed, it is advised that new wells 
be sunk to the Jordan sandstone and to the sandstones under- 
lying the Saint Lawrence formation from 1,550 to 2,100 feet 
from the surface, although wells of 1,000 and 1,200 feet in depth 
will still yield largely under the pump. 

The glucose factory has four wells. Well No. 1 has a depth 
of 1,500 feet and a diameter of five inches. The curb is 562 
feet above sea level, and the head in 1896 was 58 feet above 
curb. The flow in 1896 was 230 gallons a minute; in 1908 it was 


*60 gallons a minute; tested capacity, under compressed air, 


in 1908, 160 gallons a minute. The temperature of the water is 
61° F. Date of completion, 1876. 
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Well No. 2 has a depth of 2,101 feet and a diameter of six 
inches. The curb is 562 feet above sea level. The head in 
1896 was 81 feet above curb; in 1905 it was 24 feet above curb. 
The original flow was 380 ie a minute; the present flow 
is 228 gallons a minute; tested capacity, inde compressed air, 
380 gallons a minute. emperstaee 64° F. The well was com- 
pleted in 1889 by J. P. Miller & Company, of Chicago. 

Well No. 3 has a depth of 2,105 feet and a diameter of 6 


inches. The curb is 562 feet above sea level. The original flow - 


was 400 gallons a minute; present flow, 264 gallons a minute; 
tested capacity, under compressed air, 530 gallons a minute. 
Temperature, 64° F. The well was drilled in 1889-1892 by 
J. P. Miller & Company of Chicago. 

' Well No. 4 has a depth of 2,107 feet and a diameter of 8 
inches. The curb is 562 feet above sea level. The original flow 
was 400 gallons:-a minute; present flow, 290 gallons a minute; 
tested capacity, under compressed air, 565 gallons a minute. The 
temperature of the water is 64° F. The well was completed in 
1892 by J. P. Miller & Company of Chicago. 

Repairs have been made only on well No. 4, new casing to 
650 feet having been inserted in 1906, slightly increasing the 
flow. In 1905 these four wells discharged into the basin from 
which the water is pumped. The wells are situated not more 
than 240 feet apart, but no interference has been noticed. 








Driller’s log of glucose factory wells. 














Thic 
ness | Depth 
Feet Feet 
Surface Material 2222-2 ee ee ee 52 52 
Limestone, bluish, sample. atic 2- ost a a ee ee eee a 
Limestone: coon se Sn a ret ee ee ne aoe ees are eee ee ee 970 
Sed en ee ee ee et ee 80 1,000 
Sandstone’ (Saint, Peter) —.2c.22-2- 2 ee ee ee ee 42 1,042 
Limestone, sandy 2.22252. ccccace neck ee ee ee ee 530 1,572 
NO -TCCOTG 262. Si nwcecanern cn denad awn neem ens ts ane abate ne Gee wee oo ee 258 1,830 
Shale: 2222— epee ee, Oe ee ee oe eee cate 40 1,870 
Limestone, sandy no noXS sc san nd sor clpia as aes mock ee ace cS cos oe ae aa ta ge ee ee 20 1,890 
Sandy rock pe oak ag ae nae Re ee ee ees ee eee 160 2,050 
BS10* son rae a on wn eo ee er ee re 50 2,100 





The Park well has a 1 depth ifs i 5797 feet. The curb is 704 
feet above sea level. The original head was 22 feet below curb; 
head in 1896, 34 feet below curb. The tested capacity is 125 gal-* 
lons a minute. The well was completed in 1888 by J. P. Miller 
& Company, of Chicago. 


* 
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Record of strata in Park well at Davenport. 














Thick- 

ness. | Depth 
‘ Feet Feet 
EDT Ep all ella lA a pL ep ay hep ae 40 | 40 
ES SES AEETEC a 0G (ep peel a Re Sp le eal es ea een 60 100 
PEIRCE LITO fon ere ne teen een 30 130 
Limestone, pure, hard, gray, compact, fine-textured, nonmagnesian___------___--_. 220 350 

Dolomite; hard, highly vesicular, light pinkish buff, with casts of crinoid stems 
and casts Of apex of Platystoma niagarense Hall___-.....---..---..----.-.---=--.- 30 380 

Dolomite, subcrystalline, cream-colored, highly vesicular, with obscure cast of 
Se Sie Re SN Re Shee a ele ae see ee ORR a 20 400 
Semen nard, Dluish gray,  subcrystalline.-..2-..__=-...-2..-....._2..--_.-......-- 90 490 

Shale, lead colored, argillaceous, very slightly caleareo-magnesian, fossiliferous; 
enero closed tube B. 8.3 turns whites.ic. 222 2-25-22 sees 30 520 
SIE CRT OU QCCOUA (222 ca ee 2 oe na a aac eae cae coe naman enone cene 80 600 
DET MonarT BY. 4 BUDCTYStALLNG 2.05222 fo ek re Se eee cee 50 650 
Dolomite, hard, rough, brownish, white; some fine gray shale ~_--_-.---------_----- 75 725 
Dolomite, lighter in color, with obscure casts of fossils referred to Zygospira_----- 50 775 
Se ES SLUR NC ae 9 a il -  p e 125 900 
femme as above, with: white chert —2..2..-.2--...-.--. +. 2.---L-----.~--2----5-- 50: 950 
eaenomranenosian limestone, white __.-.—.--.-+-4-...-....--.--<----- ae sae 75 1,025 
Limestone, light bluish gray, nonmagnesian, argillaceous; in thin, flaky chips_-_- 50 1,075 
MEIER II GILer Olid) so ee ee enc ee ee ee es 10 1,085 
Sandstone, grains rather coarse, rounded, white and pinkish_-_-_--.--_....--.._ 95 1,160 
Shale, indurated, slightly arenaceous, fine-grained, gray, green and purplish___--_- 30} 1,190 
DING eTAy.. ATCNACCOUS) p25 one ene on ea aan meee nash center ackekaecee nnn 60 |. 1,250 
Summeeremtiwtin, DitLt, ATENACCOUS! 222 bo a eset 50 1,300 
DRREEDEEIIT ee OLCUACOOUS «3502-2 on a oe ws eek eee ie oh eb ece cee che 100 1,400 
a saa LURES pcp a EE SS I ne ae ee a ee pe 25 | 1,425 
ee Re I ee a ea ee ee ee ee 10 1,485 
TE A I SR ale oy eg os ee oe a ne ee ey 100 1,535 
Dolomite, in minute fragments, with large admixture of siliceous sand__------____ _----__- 1,797 








1Wrom drillings preserved by A. S. Tiffany, Davenport, Iowa. 


The Kimball House well has a depth of 1,560 feet and a di- 
ameter of eight inches to 710 feet and four inches to bottom. 
The curb is 579 feet above sea level. The original head (of 
lower water) was 58 feet above curb; in 1896, 20 feet above 
eurb;.in 1908, below curb. A flow of sulphur water, 120 gallons 
a minute from a depth of about 700 feet, was cased out. The 
well was completed in 1890 (?) by A. K. Wallen. Between 
1896 and 1905 the casing became corroded and the upper and 
lower waters mingled. 


Record of strata in Kimball House well. 

















Thick- 
ness | Depth 
Feet Feet 
ESET adh gOS eng Sa a EN el OE RP Ar eae Le nr, Saar eens ge een mI 13 13 
Limestone, magnesian, compact, fine-textured, hard, light and dark gray_-------_- 67 80 
Limestone, softer, lighter colored; similar in composition and texture to that above 48 128 

Dolomite, hard, pure, subcrystalline, vesicular, light greenish gray; casts and 

ELAS elgg a all gs i a i PS cae RNS tac avenue es 47 175 
SEC MEATICV CORD G UAT KOD neo occ s eco ee en ee ek ee ne a Papo seenee 130 305 
DPCM ETOSeCO ith 100: 222s noe ono e een ee ee eee eee eee 120 425 
Poiemice.tent bluish gray: with white chert ~..----....--.--.----_.-.---.------~-..- 23 448 


Sinlemniack, pyritiferous, noncarbonaceous ..----_.2-.--.-==-~-----_-.-.=----.----_- 27 475 
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Record of strata in Kimball House well—Continued. 














Thick- 
ness | Depth 
Shale), blue 6 tee eo ee ee en ee eee Se er gee eee 90 565 
Limestone, blue, argillaceous, fossiliferous.---.--. eee oo eg eee 125 690 
Dolomite, ‘hard, rough, subcrystalline, medium dark buff_---_-------.- 40 730 
Sand, fine, buff, largely dolomitic, with rounded grains of quartz; “also “many 
grains of pyrite in minute, agglomerated crystals; water bearing_...--..------.- 45 775 
“Limestone, soft, yellow, magnesian;” no BaMple ou. css csc coe ee 75 850 
“Limestone, hard, buff, ‘honmagnesian;” RO BADDIC cca cores kcce eae eae arene 50 900 
“Limestone, argillaceous, ferruginous;’’ no sample 2 _-___. ee 90 990 








1from samples supplied by A. S. Tiffany. 


The woolen mills well has a depth of 1,053 feet and a diameter 
of 31% inches. The curb is 564 feet above sea level. The orig- 
inal head was 87 feet above the curb; head in 1905, at curb. 
The water at 85 or 120 feet, at 700 feet, and near bottom, was 
corrosive, cutting the casing from the outside. The original 
‘flow is unknown; flow in 1908, 25 gallons a minute; tested ca- 
pacity in 1908, 225 gallons a minute. The well was completed 
in 1890 by A. K. Wallen. New casing was inserted in 1895, in 
1901, and in 1906, to 200 and to 280 feet below the curb and 
each time a higher pressure was obtained. 

The Witts’s Bottling Works well has a depth of 780 feet and 
a diameter of six and three inches. The curb is 575 feet above 
sea level. The original head was 82 feet above curb; head in 
1896, 59 feet above the curb. The original and present flow is 
300 gallons a minute, but is said to diminish when the well of 
Crystal Ice Company is used. Date of completion, 1891. 
Drillers, J. P. Miller & Company, of Chicago. 

The gas works wells Nos. 1 and 2 have depths of 1,200 feet 
and a diameter of five to four inches; five-inch casing nearly to 
bottom. The curb is 564 feet above sea level. The head of 
lower water, original, was 48 feet above the curb; head in 1896, 
48 feet above the curb; head in 1905, four feet above the curb. 
Temperature, 65° F. The wells were ome leeeg in 1891 by A. 
K. Wallen. 

The Schmidt building well has a akpth of 1,200 feet and a 
diameter of four inches. The curb is 576 feet above sea level 
and the original head was about 30 feet above the curb. Head 
in 1905, less than the original. The original flow was about 45 
gallons a minute. Date of completion, 1892; driller, A. K. 
Wallen. 
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Driller’s log of Davenport Malt & Grain Company’s well No. 2. 


The Malt & Grain Company well No. 1 has a depth of 1,076 
feet and a diameter of 5 inches. The curb is 592 feet above sea 
level. The original head was 39 feet above the curb; the head 
in 1896, 15 feet above the curb; in 1909, 14 feet below curb. 
The water comes from depths of 700 feet and 1,055 to 1,076 
feet. Temperature, 62° F. The well was completed in 1892 
by A. K. Wallen. 

The Malt & Grain Company well No. 2 has a depth of 1,653 
feet and a diameter of 12 to 5 inches; cased from 100 to 120 
feet, to shut out caving material, and from 1,100 to 1,135 feet. 
The curb is 592 feet above sea level and the flow 150 gallons a 
minute, the water rising 20 feet above the curb. The first flow 
was from Jordan sandstone at depths of 1,385 to 1,535 feet. 
Temperature, 64° F. The well was completed in 1905 by L. 
Wilson, of Chicago. During the drilling of the second well 
the flow of the first was permanently increased. The two wells 
are 100 feet apart. 


























Thick. 

ness | Depth 

Feet Feet 

en eo ck cen bo cdancamececnuewnaccies 85 35 
CGY Se ee ee ee eee ee eee 31 66 
a pt ne aN Seg SI Se ep a eee 15 81 
en en oe eee ee soe eck 10 91 
TS os pene Sa re ee Sea ccna eae nc eh an~—om 1% 923 
a a Bie IE IS i Se Se ee Se een em 63 99 
UIREPETICC OTH VC) ooo on enn eo Skee e ee  ade cen n scence se aneou owes 3 102 
EEE Ss ES a A 9 111 
Is cone oe eer ee 8 at no na eben acum ao beeen cence 11 122 
LPN EAE a a ESA Pan Pe 161 283 
EE a I Sn pe ie) a ae as Se er ee eee ener Fe 15 298 
ER i eee Se ee FT een nani eee ocbbeen aoa pewcnwaae 123 421 
SE eS eS ee ee eee ee eae eae en mer il 432 
eee 3 ai SE OS eee en ee nS ee eee 74 506 
ape Se a SI A A a a a ee es £0 596 
TEES Cig SS SSE Sd SS og a eee er a 40 636 
a SE aS pe Se ey ye eae 25 661 
GS 2 ee ee eee es 100 761 
i ee eke cee. 168 929 
NS ly el I Se oe ed 2, 931 
RD IS a RS CE eee ee ae ee | 65 996 
EIU AL Seg aa an oats erie ot amet ieeancbayncudnakiod 7 1,003 
Shale, blue and gray 22 1,025 
at a 62 1,087 
Shale and caving rock 30 1,117 
5. i a 39 1,156 
IMTS RNG 10h Soe ee ce ee er Le Ped oe ts si l2 6 1,162 
SP MEPEIEIITEN MIC CARVIN Giaccone ooo ce ase Se ee ew aon oma end bw sacaewmcaewceancas 22 1,184 
SE! SUS gS SG Re SRG a Ea ae Te ee me 17 1,201 
Marl, red, and limestone 49 1,250 
Ta SCs oe oe eg i ee Ses 40 1,290 
Ee SRS Sa ee ee eee ne en ee 60 1,350 
IEEE ka meee ge 8 aie SS eet Wace nee ce so el 100 1,450 
TS op a Ss ee ae tek oS eee eee 125 1,575 
RES EE EE See a SS ae ee Se 78 1,653 
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The Crystal Ice Company’s well has a depth of 1,067 feet and 
a diameter of six to four inches; eased to 1,067 feet. The curb 
is 590 feet above sea level and the original head 15 feet above 
the curb. The original flow was 250 gallons a minute; tested 
capacity in 1908, 240 gallons a minute. The first flow was at 
about 600 feet. Temperature, 60° F. The well was completed 
in 1893 by A. K. Wallen. 


The Tri-City Packing & Provision Company’s well has a 


depth of 1,100 feet and a diameter of eight to five inches; cased ~ 


to 800 feet. The curb is 564 feet above sea level. The original 
head was 46 feet above the curb; head in 1896, 46 feet above 
the curb; head in 1905, seven feet above the curb. The original 


flow was 250 gallons a minute. The water comes from 800 and. 


1,100 feet. Date of completion, 1898. Driller, J. P. Miller & 
Company, of Chicago. % 

The Independent Malting Company’s well No. 1 has a depth 
of 1,285 feet and a diameter of four inches. The curb is 573 
feet above sea level (aneroid). The original head is unknown; 
the head in 1905 was 20 feet above the curb; in 1909, nine feet 
above the curb. The flow in 1905 was 150 gallons a minute; 
tested capacity in 1909, 400 gallons a minute. Sulphureted 
water comes from a depth of a little more than 700 feet; other 
water from a sandstone near the bottom; waters separated. 
Date of completion, 1896. 


The Independent Malting Company’s well No. 2 has a depth 
‘of 1,285 feet and diameter of six inches. It is 175 feet distant 
from well No. 1. The head in 1905 was 12 feet above the curb 
and the flow 200 gallons a minute. The tested capacity in 1909 
was 400 gallons a minute. Date of completion, 1904. 


The well of the Martin Woods Company has a depth of 415 
feet and a diameter of 12 and 8 inches; casing, 12 inches for 
48 feet, 8 inches for 98 feet; space between casings filled with 
concrete. The curb is 559 feet above sea level and the head is 
one foot above the curb. The pumping capacity is 33 gallons 
a minute; temperature, 53° F. The principal water bed is at 
415 feet. Date of completion, 1910; driller, J. E. Shaw. On 
‘ompleting the well the head was found to be four feet below 
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the curb, but in a few days the water had risen within a few 
inches of the surface. The use of a centrifugal pump has in- 
creased the natural flow. 


The Davenport Malting Company’s well has a depth of 1,998 
feet (also reported as 1,880 feet) and a diameter of eight inches. 
The curb is 560 feet above sea level (aneroid) and the head 45 
feet above curb. The original flow was 200 gallons a minute; 
present flow, 150 gallons a minute. The first flow was of sul- 
phureted water at 800 feet; second flow at 1,750 feet. Tem- 
perature, 62° F. The well was completed in 1900 by Wilson & 
Company, of Chicago. 


The Independent Baking Company’s well has a depth of 900 
feet and a diameter of 10 inches. Water from depth of 100 feet 
rises within 20 feet of surface; the flow comes from a depth 873 
feet. Temperature, 56° F. Driller, J. D. Shaw. 


To better define the place of the chief water beds there may 
be added the lower portions of the logs of two wells across Mis- 
sissippi river from Davenport. 


Liog of lower part of Moline Paper Company’s well at Moline, Illinois. 


(Curb, 564 feet above sea level). 











Thick 
ness | Depth 
Feet Feet 
SEIMEI RLITILE DCUCY) ano ce oon oe see oe ee eo te eee 65 1,141 
SRRIEIPSA TIC INES CONG fgec oa pas man op note see soem see ewe ewan meen eden asco 16 1,457 
I a ee ae eae ee are eee ete a sheen nm 101 1,578 
ae ee a ee ee 50 1,628 











Log of lower part of Mitchell € Lynde Building well at Rock Island, Illinois. 


(Curb, 558 feet above sea level). 




















Thick 

ness | Depth 
4 Feet ed 
DEMME iste CChOL) eo oot oes ee LE eee 145 aL, 
ee OE aa ae ee es ee 811 1,915 
a, RAS ESR 2 SS a a SSSR Ie pe ee eee Sat ee 380 De 
ae 2 LE Se ae Oe OTe ee eae ee eee ree eee 35 1,980 
REET IE Porn hia PE eb he oo Oo be We eh Si dS cad eneen see 180 Sere 
Sembee ren nivmennd slinlere tere. eos ces 2 eee, Bee oe et ea 75 2,1 5 
Sees a SE RR Sa ee ee eee ee See eres 97 2,282 
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Donahue.—At Donahue (population, 62) a small water-supply 
system is owned by two citizens. Water from wells is pumped 
to a tank with a capacity of 600 barrels. The number of taps 
is reported as 50. Drilled wells 100 to 300 feet deep find rock 
from 10 to 300 feet below the surface. Water from 150 feet has — 
a head of 20 feet below the curb. 


Eldridge-—The waterworks owned by the town of Eldridge 
(population, 217) consist of a well 180 feet deep, a tank, about a 
mile of mains, 16 fire hydrants, and 50 taps. The consumption 
is 800 gallons daily. The domestic and fire pressure is 45 
pounds. Eldridge also uses cisterns and dug and drilled wells. 
The wells are from 103 to 201 feet deep, averaging 130 feet. 
They find rock at 100 feet. The water heads 90 feet below the’ 
curb. 


Le Claire-—Le Claire (population, 690) draws its supplies 
from cisterns, drilled wells, and Mississippi river. The wells 
are from 30 to 150 feet deep with an average of 60 feet. They 
tap Niagaran dolomite at about 60 feet, and are in rock from 
20 feet down. There are some small springs in the neighborhood. 


Le Claire is 580 feet above sea level. An artesian well was 
recommended for it in 1899 by W. H. Norton,’ on account of 
the steeply inclined layers of the country rock which apparently 
afford open waterways by which surface water may reach the 
common wells now in use in the town. A deep well will find the 
Saint Peter 900 to 950 feet from the surface and this together 
with the supplies found in the Galena and Platteville should b 
adequate. 


Walcott.—The waterworks in Walcott (population, 416) are 
owned by the town. They include a well 85 feet deep, from 
which water is pumped to a tank with a capacity of 2,000 bar- 
rels, affording a pressure of 42 pounds. There are a mile of 
mains, 16 fire hydrants, and 128 taps. House wells in the vil- 
lage range in depth from 20 to 42 feet. The shallower. wells 
find water in gravel and the deeper in limestone, which is en- 
tered at 55 feet. 


1Report on the geology of Scott County: Iowa Geological Survey, vol. 9, 1899, p. 505. 
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Minor supplies—tThe following table gives data concerning 
the supplies of minor villages: 


Village supplies in Scott County. 
























































ie] 
vo 
2 2 Head beloy 
peau 8 ye curb 
2 5 
Town Nature of supply = eurey of al Springs 
Pa S ee SA 
g 5 <a S £3 as 
aes 8 a 2 ae oo 
Bia} 8 8 A |a*| da 
Ft | Ft| Feet Feet Feet | Feet | Feet aa 
Big Rock---|Dug and _ drilled) 14 |130 80 60 | Limestone.| 8-14 | —14 |_---.. 
wells, 
Blue Grass-_-.| Drilled wells ~---.-- 35 | 90 BO) Peee ae peceudaceewe| Sassen 26 | 50: None 
Buffalo ----. | sil and drilled} 16 |270 PARIS Ronee Limestone_| 4-10 | —16 |.-.-.- Medium 
we 
Dixon ------..| Wells and cisterns_| 50 |160 7d Sa bee ag aN Na Yd eal ee —30 |__.... 
Long Grove.. Beare wells andj1385 |180 |_---_-_- 135-170 | Limestone_| 120 | —40 |----.. 
cisterns 
McCausland | Wells ----..-.--..-.. RG 60 eee aos leeooe owe en eee lle SES (pen ee ae Sh eo 
eeeeso... GO ......----- oat wae BOO Ses cen ac et cence ee 0 ee Small 
{[—20| —10 
DeMeHDerLY.| --5-.- dO .......-- 80 |165 | 90-125 TOOT Sands ot ee to to |}None 
: |—50| —4 
a a SIRE ES HE Se cee ee ae ee ee Jes eae 
@ No report. 
WELL DATA. 


The following table gives data of typical wells in Scott county. 


Typical wells in Scott County. 














ad al cP) 
o >) oO 
iS) s) Bo 
; } a 52 emarks: 
Owner Locality 3 A 2 (Loge given infect) 
Q q qa ar) 
S Ss we} doo 
ry ray 2, oS5> 
o o o ° a o 
a A A oe Fe 





Feet Feet Feet Feet 
T, 80 N., R.1E 





(Liberty). 

wea Parker... NE. 4 NW. i sec. 7-- 113 Osu pemee cee Yellow pene 18; blue 
clay, 75. 

J. Stoltenberg....|SE. 3 sec. 7-.....-.- 90 60 30) EaSeeee. 

Daieanore...__|NE. 4 NE. 3 see. 8__|--.-___. O17 ta hie wins eR SS Yellow clay, 35; yellow 
sand; blue and yellow 
clay to bottom. 

— Klahn ------._ Vans S@C.. Sass oo. 118 60 GBi ie aes 

G. Parker _----..|SE. 3 SE. 4 a are 143 143 |_.--..._|_._-___.| Yellow clay, 40; sand; 
remainder blue clay. 

Dixon City Hotel|SE. 4 SE. 3 sec. 12. 73 23 50 657 |Nearly all fine, blue, silty 
quicksand. : 

(i SE. 4 SE. 3 sec. 13._| 108 (Tig Mesut edie sos Yellow clay, 25;. black 
muck, 35. 

et Beeawmo-| NW. 2 _e 162. xo 185 60 y file bee 
Mohr ----.._-_|NE. 4 NW. 3 sec. at Bat 60; Senn eee 740 


i% Paustian ....-|NW. 4 NE. 3 sec. 9--!----_-- 18 Sos ose 782 
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Typical wells in Scott County—Continued. 











rs “4 © 
[) =) oO 
° io) Sa 
Hu = “oO 
il 
tng ° =I 5 Remarks: | 
Owner , Locality +s Ae Fe a (Logs given in feet) 
a a | > 
+ = we} om 
2 2 2, CSF 
i?) 5) vo ° al 
= a a Fs 






























Town of New Lib-/SW. % sec. 20--------|__---.-- 108 |...-....| 692 |Yellow clay, 16; yellow 
erty. sand, 8; blue clay, 89. 
aE WWGIseG face aun we= INW. % NH.) 3 sec.920|- 2222-4 LOO Uh Src Seek eres Yellow clay, 16; quick- 
| sand, 10; blue clay, 74. 
We WN... Lenseh.—..-| SE. 3 SiW-.1 3 see.: 2021 ee es 90 |_-.-.._.|_-----_.] Yellow clay, 20; sand, 3; 
blue clay, 67. 
WOWaa ssecee ace ISE. 4 SW. 3 sec. 20. 90 60 80.2 See Little blue clay. 
Hee sScunidh onon5 iSW. 4 SE. 3 sec. 22_ 115 50 65) eee Yellow clay, 25; red clay, 
| 25; bowlders on rock. 
M. Smallfield ----.'SW. 4 NW. 3 sec. 24 165 106 tetas eee 
Hip Meinert<..—-W-< Sec, 262 See eee 48 | 86) Not ees 
Bie Moelers <2 5-53 SW. 3 SW. 2 sec. 32 72 | 60 Nooo eee, .-_..--.| Yellow clay, 20; sand, 2; 
| blue clay, 38. 
T. Ketelson ----.|NE. 4 NW. 3 sec. 85 150 
Ae Rian) oo. ISE. 4 SE. % sec. 16_. 64 
(is sib b ie) eee (See. 16s 22s eee ees 125 
J. Ketelson ------\SE. 4 NE. 4 sec. 26 74 Thick yellow clay 
; | throughout. 
f enerp ells mad seg? GN al 
(Cleona). 
Opcinn (shoots sae iNW. 4 NE. 2 sec. 4. 72, A RB ee ae a 
W. Rheims |~.-----|SW. 4. see. 4_--.--__- 163 LO Seen eae era 
a> schroeder 2.5. ‘SW. 2 SE. 3 sec. 7-. 108 SON See .2 ew ba ads. Fae 
HH, saPOCLer aoa ISW. 2 SW. & sec. 9. 113 ye ee Sel 595 |All yellow clay. 
Jee Rathi engeses) SW oad S Wied sec. da = es i 2 le ee Yellow. clay, 35; blue 
clay, 205; sand, 2. 
He Spetheon. sees INW oB Cs AS Seay ee a Yellow clay, 10; blue 
clay, 116; quicksand, 
150; ends in gravel. 
Aa rany (oc oes SB ia Ni id sec, p18 eee ISSUES a eee All slushy blue mud to 
rock, below a little yel- 
low clay. 
G. Paustian =-- == INE. 2 NBs di s6e; 4 oe ee ee eee Yellow clay, 10; blue 
| clay, 268; sand and 
gravel 2. 
iPr AUISONS saeens| NE. 4 NW. 3 sec. 16.- 122 Line Yay eee ae eee 
IDO ta s2ae eusee INW. 4 SW. 3 sec. 16 187 vm high BR a. 
Lena Mumm ------ (NE od. NEWS ger, 2150) es een Oe Fa Oe Pe Yellow clay, 12; blue 
clay, 2386; sand and 
; gravel, 30. } 
Jeet hele 322 =-i|NB SE NB d 8eC 205. le oe ee Yellow clay, 15; blue clay, 
: le ee sand and gravel, 
He Vessel: ssssee= VINW id SEs secs (08 Seo es 2 es ___-._--| Yellow clay, 20; sand, 10; 
, blue clay, 100; gravel, 
| 3. 
Wo Ruheims <2 2/5 Wie ae secs eee eee 161 146 |e eee 
Pal OSTOW te ses NY stck Secced es al eee ee fC SLA PR Yellow clay, 7; red sand, 
7; sand, 21; gravel, 25. 
Durant 2235. = a ee ee ee Oe Ve se, eae Yellow clay, 25; sand, 5; 
| blue clay, 109. 
PASOMIN: «Feed Biel , 
(Allens Grove). | 
Dy Vale - INW.-3 SWeazseen 20) eit pirogue. 2 _..-....| Yellow clay, 20; blue 
clay, stony, 70; hard- 
ve : » pan, 9. 
M. King -__.-..1_--|SE. 4 NW. 3 see. 20- Ye PR la Pea My Yellow clay, 20; blue clay 


60; hardpan, dry, 6. 
No water. 
E. Richardson ----|SE. 4 SE. 24 sec. 20.- Blue clay, 70; sand, 30. 
OH © Walton (Secs 24 2). ssa ee Yellow clay; blue sticky 
} ; clay; quicksand; stop- 
- ped in 50 feet of river 
sand. e 























Wm. Blythe .-_..|SE. 4 NW.’ 4 sec. 25._|_-..-_- oT lc ee 
GHImMOTe toe eee ee SE. 4 2 


a 


Typical wells in Scott ri beta tokt ath Ap 























ad a e3 
S) S © 
2 2 | 3s 
. ° q =e * Remarks: 
Locnney Zs PY < i gh 4 (Logs given in feet) 
S S wey Mow 
$8 | B | 8 | 385 
ove em Oo =f To 
| Beet® |) Feet). Feets))) ‘Feet: 
fee |S. 4 NE. 4 sec. 282: 823 ba Aa es oy 448 |Yellow clay, 50; sand, 
; 50; mostly we clay; 
1 coarse gravel. 

A ‘sonata Senn Weel). a, BeCiusens|sabooenall elle s| > 66 | Yellow clay, 16; quick- 
sand; blue stony clay 
to Hai aene ana gravel 
2; blue clay, 

‘Stahft _._.___.|NE. 4 SW. 3 sec. 83. 250 240 ae Soe 440 Mostly aaleke ends 10 
‘ feet of sand in one bed. 
#008... NW. + NE. 2 sec: 88__| ..----- 
baebonahue| NE. 3 see, 36_-..--2__-|_..-2--. 
pee (NE 2 sec. 86... 160 157 3 |.---.---| Yellow clay; blue clay; 

quicksand, 15. 
2 NW. 3 sec. 2_. 81 dy hese ate na 
; 4 SW. 4 sec. 4__ 82 (aes ae eC RN 
4 NW. 3 sec. 4. 150 144 Li tl ee ec 
urmeister ...|NW. 4 NE. 3 sec. 4_-- 74 (hi) | ee are Se 
Reece leet "| Bee 
Rich. -—.. ME AOe of hoe eee 73) joe aoe 665 

poe eer SW a Awe te a 77 A it aie 

Burm eister —-- ° RCC. Vio Ise) eee 

Pini oe Gini ee & BCC. Va clocwe wok 80 BO tees sae 

; aN Wc S BCC. 921-2 cee 50 Es Soa eel 

Bi te0Sh,. 4 see. 925)5.- 40 Caribe Fe 
permease NW. 4. Sh. + sec. 10}--..--.. 80 2) Ss 
7e] SW. 3 SE. 3 sec. 11.. 81 Gi (iy ates SE PE ene 
Be eos RCCe ten ie a AiGalee Soe a 525 
SW. 2 SE. 3 sec. 12-. 191 a2] }.| aN Se 550 | Yellow clay, 40; blue till, 
150. 
wears . 3 NW. 3 sec. 13 157 a star | Spear Ba ne age Water on rock. 
. 2 SE. 3 sec. 18- 212 DOS tetera. 502 
Aes ie ese ecssacoee 180 DO Meee ts ee ts tates 
NW. i SW. 3 sec. 16. 91 relat eee eee) Hie f All yellow clay. 
a) . + SW. 3 sec. 1€ (4a leeeee eee se |) el een desin TOCk. 
. Golinghast --_|SE. oe SCQre hi sece- es 78 BO eee Peto aee 
. Spelletich ___- te 4-SE. 3% sec. 18].......- 210 ilosasnees 510 
tian i NE. 3 BOG) Gon jet eeealence Nek tn ee Yellow clay, 20; sand, 5; 
et clay, 105; gravel, 
les .-_____...SW. 4 SW. 3 sec. 22 170 AN tal ee eee 555 eae 100 feet all quick- 
sand and sticky clay. 
eee | NE. 4 SE. 3 sec. 24_- 208 Oily ee ee 534 | Yellow clay, 17; blue clay 
hard, 60; sand, 129. 
ouse ....-,SE. 4 SE. 3 sec. 26_. 250 DIG laccatons 525 
oh ae SEC TUBE SY Peay | is. ai |e Ra rd A i Peg Yellow clay, 15; blue » 
. clay, 15; quicksand; 
at ends in gravel. 
stian ____.|NE. 2 NW. 3 sec. 30 143 190s ose ...-----|Yellow clay, 20; sand, 5; 
; blue clay, 105. 
ane |8W. + SE. 4 sec. 81|.._--_|__---|_-...-._|.-._-_]Yellow clay, 15; quick- 
“ ; sand, Be ae clay, 30; 
gravel, 
nt IW GaeN We BEG. S8jon seco |e sete os ool sl Vellow clay, 20; sand,. 6; 
blue clay, 58; gravel, 
2. 
4 SE. 3 sec. 15 90 90) heaters 650 |Yellow clay, 16; quick- 
/ : pend. 10; greenish clay, 
ambeck ____.|SE. 3 sec. 36.-.-..-- 240 S80 eee here DU Guiana. 60; rock. 
Soutter --__ BeUN Beats seCe 8.2... 90 SB) bee lee we | Vellow clay, 40; blue 




















clay to rock. 
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Typical wells in Scott County—Continued. 





Owner Locality 


TTB Nisg tvs ca doe 
(Bluegrass.) 


8. R. Miller__.._...SW. 3 SW. 4% sec. 1- 
W. Arp --.-------/SW. 4 SW. 3 sec. 3_- 
Ga Muhl 2252525 - SW. .2.8e¢. 6.222222 
H. F. Strohbeen_|SW. % SW. 3 sec. 5- 
Walcott [= —22==- See.) 6.2.2 eee 
J. Franz ...---...|NE. 4 NW. 3% sec. 8 
H. Goering --.-...NW. % sec. 10_---__-. 

TB cc, Sh Saat eae SW. 2 yak 4 sec. 10- 
TT Meyer o.0 en. -2 NW. 4 NE. 3 sec. 12 
Eggert Puck ....-|SE. x NEL 2 sec. 12 
A. Le Buhn---.--- NE. 4 NE. 3 sec. 16 


H. Schlichting._..|SE. 4 NE. 3 sec. 23 


Schoolhouse No. 3|NW. 3% sec. 


T. 77 N., R. 2 E. 
(Buffalo). 


B. James _.._._.|SW.. d Ser dace ee eee 


L. Daurer 
Barnwick 
WeTBeh 


TSO N., R.. 3 he 
(Winfield). 





Os Gillan sce. SE. 3 SE. 3 sec. 7- 


St. Ann’s Church|/SE. 3 SW. 3% sec. 14 























Remarks: 
(Logs given in feet) 


Yellow clay, 35; blue, 
hard clay to bottom. 
Did not cave. 


Soft white limestone. 


Yellow clay, 14; sand, 5, 
blue pebbly clay, 31. 


Yellow clay, 20; sand, 5; 
blue clay, 50; gravel, 5. 


Yellow clay, 20; sand, 10; 
blue clay, 48; white 
limestone, 122. 


Limestone, 160. 


Limestone, 161. 
No coal; limestone, 160. 


Sand, 20; hard, blue, 
pebbly clay, 120; sand, 
5; gravel, 5. 

Sand, 15; yellow clay, 10; 
blue clay; a little sand. 


Sand, 70; blue clay, 20; 
gravel, 4. 


Yellow clay, 650; hard 
blue, stony clay, 70; 
sand and gravel, thin. 


Yellow clay, 20; blue 
clay, 140; sand and 
abies 30; blue clay, 


------.--/Blue clay, 100; "much 


sand beneath it to 
rock. 


Yellow clay, 25; old soil, 
10; blue clay, 65; coal, 
2; shale, 97. 


560 |Shale, 37. 


3) 6 | 8 
z = £9 
is | Sy 
je ae ot oda: 
2 ° o S25 
a a Qa te 
Feet , Feet Feet | Feet 
ee ee ee 100 ee eee 
104 40 G40 5 Ae 
90 47 43 a ee 
eee [vy teres Bie er 
89 86 |. Shee 
101 60s Ses aera 
118 90 oa oo eee 
256 985i eee seme 
210 2044) 20 ee 536 
120 110} 2) es ae 
200 18 {09 3/2 ees 
316 
270 
144 
201 
305 
100 64 86 eee 
<a eeel 82 2190) | eee eee 
173 150s oe eee eee 
Ad WES 920 |_-.----<| 505 
121 190 (ee eae aa 
Wie 995 |___..---| 555 
256 rpg] Eee See, poe Betas F, 
190 | ee 
128 199) ||. le oe 
118 14 13-8 ee |S 
199 100 se Ae eae 
237 200.) 2 oe 
145 140 Joie sre es 
135 197 (12 ee ee 
201 180 |_-.-....| 600 
epee pm Pea || a aia 
180 170: | ee eee 
285 O70 alee ee 


Pa oones) 2... hss 4 NW. i sec. 15 
School No. 8... - 4 NW. 3 sec. 16 
Neepenkl ait 22.9: 22 Sw. 2 NW. : sec. 19 
A. Brownlee --_.-|NW. 4 SE. sec. 26 
J. Robertson -_._|NE. 3 NE. ; sec. 27- 
weenie. 5. ee SW. 3 SW. 2 sec. 35 
A. D. Brownlee_-.|% mile north of Long 
Grove. 
Pe. Jones.s. =. Southwest of Noels_|--.---__ 
TOON: at. Ss 
(Sheridan). 

OF Glap pe seer SW. 3 NE. # e£ec. 2__ 
O(. ensen. Ses 2 SE. 2 SE. 3 sec. 2__ 
Cee eieier 2 oes 2 SW. 2 SE. 3 sec. 4_- 
J. Paustian --.....NE. 3 SW. 3% sec. 5- 
J. T. Cooper --__- SW. 4 SW. & sec. 5 
Eldridge S222 SW..-% see, Li 
Eldridge Creamery|NW. 3% NE. 3 sec. 14 
Chas. Erhsam ~-_|NW. 3% NE. 2 sec. 20 
W. Hughes = NW. 3% SE. : sec. 383 
Claus Lamp --.--)SW. 4 SW. % see. 19 











Yellow and blue clay; 
gravel on rock. 

Yellow clay less than 20; 
mostly blue clay; 
ends in limestone. 


470 |Mostly hard blue clay. 


va 
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Typical wells in Scott Cownty—Continued. . 
Ad ad * 
o (>) 
eens 48 
: ° q Ba Remarks: 
Owner Locality o = z 2 (Logs given in feet) 
ve) re) » ad } o 
ry a ray 2S> 
o o oD ° 3 ov 
Qa QA Qa = ie oe 
T, 73N., R. 3 E. Feet | Feet | Feet | Feet 
(Part of Daven- 
port). 
School No. 2------ Nd BCCs6 (oat en crane | cotetaea aecamcena|o-e-ceaa|san-cen>| LellOwW clay, 80; sand; 10: 
blue clay, 80; gravel, a 
J. Carlin --__--...|SW. 34 SE. 3 sec. 10 140 TTD eee eae ee 
G. Conklin --..-.-/SW. 4 NW. 3 sec. 11 106 00) ees eee 
My, Boyle —.......|NW. i SW. 3 sec. 13 94 tify) ee eS 
STC) a a 245 202 et een eee 
vo Tos Ge gC | rc rr 130 HOO Sas = 2) ee ee 
LAD) TURES i a 240 ahi )\| eee ee Ee aes 
aaeatever: —._._... SE. 3 SE. 4 sec. 21_. 200 el ee SS 
Thos. Sindt --.-...NW. 4 NW. 4 sec. 7 167 7 Bl ee ee 
T, 78 N., R. 4E. 
(Parts of Daven- 
port and Pleas- 
ant Valley). 
tT. Barr ............|SE. 4 NW. 3% sec. 4 150 be] a Ses ee 
Gavan Dvera ..../\SW. 2 sec. 4_..--.<.. 115 0 fee 2 beeen 
R. Schaefer -......SW. 3 SW. 3 sec. 4.- 85 i ee Se ee eae 
J. Barnholdt ---..|NW. 4 sec. 5.-------. 98 coh y Ree ae | ee 
evVies@ .....-... NE. 2 sec. 6......... 94 Zio ite pees A ae ea 
Meare -.....-..|NE. + SW. 4 sec. 7. 157 142) ence nnn led ese 
¥F, Thomas --._--.|NW. 34 SW. 34 sec. 9- 163 PDO Wee eee ealoccocaae 
CG. Carstens -....-|SE. 3 SW. i sec. 17- 138 VD) ae = ae) eee 
A. J. Partridge....NE. 4 NE. 3 sec. 106 FU bal Lee, a | 
feeearr---_____._| NW. 4 see. 18_....... 90 Cy eee. eee ee 
=. Barr ......_-._.|SE. 3 NE. 3% sec. 18 65 Dey ere ees ee 
Wm. ©. Schaefer|NE. 34 SW. 3 sec. 19 93 113) he: ee Bane See 
J. L. MeCullough|SW. 4 sec. 20_------- 160 DO) eres Sen ee Se 
Bas, oKellog...... NW. 3 SE. 3 sec. 18 105 | se Ea Fas 8 GS DAL ot) 
MreoN., R. 4 EB. 
' (Butler). 
ol Me GCs, cass cae noe nee ape Resp 1A pe es fe 
ferlenry —.._.._ NE. 4 SW. 3 sec. 22/---.__.- 206 3 See el See 
“Do ee NE SSE. 3 see: 2222)2-- yh (eee ee 
#. Mueller --_..._. NW. 4 NW. 4 sec. 35/_....-_ 60) Se oe eae 
HeeieeN., KR. 4 E. 
(Lincoln and part 
of Le Claire). - 
Do Sw. + NW. 3 sec. 2 180 TO eee eee eee Ends in limestone. 
a NE. 3 NE. i see. 7-- 121 yA I pee tal ee 
eee arr... __. NE. a SW. 4 sec. 22)-2.2- 1st, 550 
Me Ones =. --..._.|SE. 4 sec. 23.-._...— 150 WON Ae Se 
M. Thompson -.__|NE. 4 NE. 4 sec. 27 182 iA ee en es 
H. Schroeder .-__.|SW. 4 SW. 3 sec. 83 75 baie = we 665 
M. Barr _____.___.|SW. 34 SW. 4 sec. 26 116 6 a\ tee. Shes ee 
Go Leamer ._____ NW. 3 NE. 3 sec. 25- 381 PAC ee eS 530 |Shale, 210-375; ends in 
limestone. 
omemtattord —.._._.. SE. 4 NW. 3 sec. 36 246 Sl ee ee 
eeeimtetrord —...._ NE. 4 SW. 3 sec. 36 121 100s tae. eae 
em ervdd. 2-2... Sw. 4 NW. 3 sec. 36 100 SO. pe oe --.---.-|Lime rock, 20. 
Porters Corners --|NE. 4 NE. }% sec. 25 805 ni /if |p ee ee Yellow clay, 30; quick- 
sand; blue till; shale, 
100; limestone, 30. 
eo Ns te. 5 B. 
(Part of Prince- 
ton). 
PeaClarroll ._......- NW. 3 NE. 3 sec. 80/--.-.-.. 60; janet ace See eS 
39 









ta rs 
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Typical wells in Scott Counlty—Concluded | 





ad As o 
8 Stee 
is H fe o 
Owner Locality ei5 = nae 
2 ae a) 5S | 
a 2 a QSae 
o +* a) o ° 3 o 
(a) A (a) eae 
T. 79 N., R. 5 E. Feet | Feet | Feet 
(Parts of Prince- Pa! : 
ton and LeOlaire). ; = 
©. Fulmer -=-—--- NW. 2 NE. 4-see. 4..)--2—_.2 + 80 Saas balance ones 
Oo Like = == (NES SE. 4 sees. 42|s oe ee 100 ES) ess Poe 
O. Peaslee -—-----|SW. 2 SW..2 sec. 9-)2_-2 2 69) 2 eee oe 
W. Florence ------ SW. 4 SW. % sec. 5_| | 70: {522m 
we brown s-—-—=-| OW. NE 4) SeCial 7S eee 100 [rSeee cote es seg 
Te  WuUSOM osene-| Se + NW 6 go secns21il a eee LOO! ticles ace ae 
J. O. McGinnis----/SE. 4 NW. 4% sec. 30 250 ATO (2 Seculee ea 
W. H. McGinnis--|SE. 3 NE. 3 sec. 30__ 150 120 ieee lee 
AM Willer sone ne SW, + NE. 2 see. $1-|-_.2-2-- 150) [2S Searels ees 
M. Wilson .----:--| NE. 3 sec. 32____.--_.. 150 |= 60. |e ee ee 
Taylor +..--—-| NE. 2 sec. 322s 15 ie eee ere 
Ho stones SIW.s x) eC, 32.2 Sa eee OL ee eat es ee 
TCH eee NW. 3 SE. % sec. 83)-..-_--- ty ee eee ee wee 


T, 73 N., B. 5 E. 

(Parts of’ Le 
Claire and Pleas- 
ant Valley). 


‘ 


J. MeOaffry ------ NW... 4 S@0..435 = ee eee 
AD, SCHUITo cone) NW d BeC., 42522 3 "8 
DS TT Ns ype, Ls 
(Rockingham). 
J. Shaeffer....(NW. 4 sec. 6...) 21640) we ee 
Waluut Hill School] NE. 4 NW. 3 see. 5_- 225 40 (S25 ee { 
id, Aw seunt.------- NW. 3 NE. 3 sec. 5_- 186 80 |---—--=|--=---] 





Fairview School_--|NE. % SE. 3 sec. 7-- 
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TAMA COUNTY 


BY W. J. MILLER. 


TOPOGRAPHY, 


Tama county may be roughly divided into northern and south- 
ern provinces of about equal size. In the northern half of the 
county the Iowan drift forms the surface and its characteristic 


topography is shown by a gently undulating surface. The hills 


are low and broad and the drainage is fairly good. Wolf creek, 
which flows from west to east across this region, has cut out a 
broad shallow valley, modifying the generally more level sur- 
face. The southern province, including most of southern Tama 
county, is loess-covered and has a much more hilly and rugged 
topography. The hills are higher and the region is dissected 
by numerous small streams, giving a good drainage. lowa 
river, the largest stream in the county, enters this province at 
the west and leaves it at the southeast; its valley is broad and 
deep. 


' GEOLOGY. 


The drift formations are represented by the Nebraskan, the 


_ Kansan, and the Iowan. The Kansan drift extends over the 


entire county and is everywhere covered by either Iowan or 


‘loess. In some localities the Kansan is known to be underlain 


by small areas of Nebraskan. The Iowan drift is spread over 
three-fourths of the county, everywhere concealing the Kansan, 
and is, in turn, partly covered by loess. From the northern half 
of the county, which is all lowan-drift covered, one tongue of 
Iowan extends southward to Toledo, and another southward, 
on the east side of Salt creek, to Irving. The southwest corner 
of the county is also Iowan-covered. The loess covers most of 
the southern portion of the county and a narrow strip of the 
northern portion along Wolf creek. These drift formations, as 
shown by well sections, range in thickness from 200 to 400 feet. 

Immediately below the drift and extending over all the county 


612 UNDERGROUND WATER RESOURCES OF IOWA 


except the extreme northeast corner are Mississippian (Lower 
Carboniferous) shales and limestones. (See Pl. XI, p. 458.) The 
northeast corner probably shows some Upper Devonian lime- 
stone. 


Viewed broadly, the drift deposits may be said to be spread 
over the county in nearly horizontal beds with local thickening 
or thinning. The old rock formations show a slight inclination 
westward. | 


UNDERGROUND WATER. 
SOURCE. 


Water is found in sand and gravel beds in the drift and in 
limestones in the deeper formations. As a rule, an abundant 
supply is readily obtained, especially from the deeper drift and 
from rock wells. All the waters are generally of good quality, 
but always hard. 


By far the most important aquifer in the drift is the sand or 
gravel at the bottom of the blue Kansan clay. This water- 
bearing stratum is absent in a few places only. Nearly every- 
where it underlies a so-called hardpan, which is merely a tough 
compact clay which serves to confine the water in the porous 
sands and gravels. This aquifer is seldom struck at less than 
200 feet or more than 400 feet below the ground surface. Water 
obtained from this source is very persistent and abundant. 


Other aquifers occur as sandy layers higher up. in the drift 
(blue clay), but these layers are local in their extent, and water 
supplies from them are in many places small and not persistent. 
In many surface wells in the yellow clays or in the alluvium 
along the streams the supply fluctuates according to season. 


A very important water bed in Tama county lies just below 
the drift in the limestones or shales. Sometimes a good supply 
is struck soon after entering the rock and at other times the 
drilling must proceed a hundred feet or more. Many of the 
recent farm wells are rock wells with a never-failing supply of 
good water. 


- 
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PROVINCES. 


All the southeast portion of the county may be looked upon as 
a separate underground-water province. It possesses two 
types of flowing wells—those which originate in the drift and 
those which originate in the underlying rock formations. 

The region of flowing drift wells forms a part of the well- 
known Belle Plaine artesian basin, which extends into Benton, 
Iowa and Poweshiek counties. In Tama county this basin ex- 
tends northward to Elberon and Vining and westward to Chel- 
sea. The flowing wells receive their supply from a bed of sand 
and gravel which underlies the impervious blue Kansan clay. 
The drift deposits, which were laid down in the trough cut by 
the preglacial Iowa river, slope downward toward the lowest 
part of the trough in the vicinity of Belle Plaine, developing 
sufficient head to cause flowing wells in the lower portion of the 
drift-filled basin.t 

Closely associated with the flowing wells from the drift are 
others whose water is derived from rock formations below the 
drift. Wells of this kind occur within the drift flowing-well 
basin and also as far north as Clutier and as far west as Long 
Point. The source of water is usually a limestone (Devonian), 
which underlies a thin bed of shale (Carboniferous), the shale 
acting as an impervious covering. 

Aside from the region of flowing wells all of Tama county 
may be looked upon as a single underground-water province. 


SPRINGS. 


Springs in Tama county are of little importance, consisting 
almost invariably of small seepages from the drift materials, 
especially along the main waterways. 


CITY AND VILLAGE SUPPLIES. 


Tama.—The town of Tama (population, 2,290) is supplied 
with water under a domestic pressure of 60 pounds and a fire 
pressure of 100 pounds. There are four miles of mains, 36 fire 
hydrants, and 160 taps. About 1,400 people consume 200,000 
gallons daily. Ordinarily the water is good, but hard. . 


ES ES a a ee Sn 
1Mosnat, H. R., Artesian wells of the Belle Plaine area: Rept. Iowa Geol. Survey, 
vol. 9, 1899, pp. 521-562. 
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A forecast of the local artesian conditions made by W. H. 
Norton is as follows: Tama is 820 feet above sea level. At 
about 550 feet above sea level the drill may be expected to enter 
the Devonian limestone, leaving behind shales of the Kinder- 
hook and shales of the Upper Devonian, not easily distinguished 
from them. The Devonian yields largely, as is seen in the city 
well at Toledo and in the first rock flow found at Belle Plaine. 
The waters of the drift and of the Kinderhook are exceedingly 
poor in this vicinity and should be carefully cased out before a 
test of the Devonian water is made. Both Devonian and Silurian 
waters should be of good quality, but it is possible that the for- 
mer may have been contaminated by interior higher waters which 
have descended to their level, and that the gypseous beds of 
the Silurian extend this far to the east and add a large calcium 
sulphate content to the water. The Maquoketa shale (Ordo- 
vician) may be estimated to extend from sea level to 200 or 250 
‘feet below it and will be found dry. Passing through the Ga- 
jena and Platteville limestones the drill will come to the Saint 
Peter sandstone at 475 to 550 feet below sea level. Below the 
Saint Peter the drill will enter the Prairie du Chien stage, the 
upper formation of which, the Shakopee dolomite, a creviced 
dolomite, should add materially to the supply. The other for- 
mations of this group (the New Richmond sandstone and the 
Oneota dolomite) are also large contributors of artesian water. 
At 400 to 500 feet below the summit of the Saint Peter the main 
water bed, the Jordan sandstone, should be reached. Drilling 
contracts should provide for continuing, if necessary, to 1,100 or 
1,200 feet below sea level or, in round numbers, to 2,000 feet 
below the surface. The water should head at about 800 feet 
above sea level. 


The excellent water obtained at Grinnell in well No. 2 encour- 
ages the belief that at Tama also water of low mineralization 
may be secured from the Cambrian and Ordovician water beds, 
provided the heavily mineralized waters are completely excluded. 

The well of Mrs. A. Huber, near Tama (NE. 14 sec. 26, T. 83, 
R. 15), has a depth of 816 feet and diameter of two inches. The 
curb is 880 feet above sea level and the head 20 feet below the 
curb. Water was found at 361 feet and at 450 feet, the latter 
heading at the curb. Lower veins have lower heads. Rock was 
reached at 108 feet. Date of completion, 1893. 
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Drillers estimate (generalized), Mrs. A. Huber’s well. 


























Thick- |Depth. 
ness 
P #| Feet | Feet 
Eo See Seep ep a SS I I ppt a ey ee ee 2 2 
a LOTR TSE 1 SUS SIS SS poe SP oe ane See ee Pn Cae 2 Se 18 20 
RPI PEIN S BAD errs erin se aca rote ohsetas aa Sas ae ea euds Sawer Sammon ian nctec 64 84 
“Hardpan’’ (shale — ce te oS eres eae SI Pn Ee oe ea ee SES Ey 170 254 
en a se er aa te mn ae eda | Ig 255% 
ae i StS a SR ee Sa a Si a ee as pe ee 4) 2953 
Limestone, flint, shale, ae a ee ee ae ae ee ee ae eres eae mee 





This is the deepest well in Tama Stite The water is 
strongly mineralized. Analysis has shown iron, soda, mag- 


nesia, sulphur, ete. The mineral content is said to be de- 
creasing. 


_Toledo—At Toledo (population, 1,626) water is delivered 
under a pressure of 80 pounds through 41% miles of mains to 
36 fire hydrants and 230 taps, supplying 1.500 persons with 
60,000 gallons daily. The water is of good quality, but is hard. 

The city well has a depth of 344% feet and a diameter of six 
to five inches; cased throughout except in limestones. The 
head is 30 feet below the curb, the water coming from 343 feet. 
The capacity is 500 gallons a minute. The well was completed 
in 1905. 


Driller’s log of city well at Toledo. 




















Thick- |Depth. 

ness 
Feet Feet 
STIG ke en ee Se ee ee 25 25 
ET ESE TOC SMELL Gt eee ee ge ee ee CT 8 Fee ee eceedec eeu lenseec lone 6 81 
en TS SN RS RE SE a ee 50 81 
oo cn wae sey ty eo a Se al eg a ee ee ee 12 93 
Co Se SU ea ee ee ee ee ee a 18 111 
ane. ERCP DEAT CMM LOD oat stones tte ee Se ee ee ee eee 32 148 
Shae (Kinderhook) eee Ree pe aR ae ne SA ae ee ee rae ee eee 160 803 
ee ey | a ap pl Se a SES Sel Fes 2 20 See ees ee ee eee 40 348 
nr ean a a pin ea oe Sena emaaowse anne 13} . 344% 





Toledo is 852 feet above sea raga It ey so near Tama that 
its deep-well forecast may be considered to be identical with 
that of the latter place. (See p. 614.) 

The Tama County Farm well, which is located 214 miles 
north of Toledo, has a depth of 445 or 545 feet and a diameter 
of 6 to 3% inches. Its head is 150 feet below curb. The 
water comes from 345 feet in Devonian limestone and from 245 
feet in drift sands. It was drilled by McLurk Brothers, of 
Traer, and was completed in 1896 (2). 
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Log of County Farm well near Toledo. 


Thick Depth. 
r ness. 


Pleistocene: Feet | Feet 
Olay,' ‘yellow; and sand....2:..-<. 2225.02 eee anes eaanseneste eee 50 50 
Clay, blue, and bowlders-_---__-- Spann taonceuccdassewsdmuatonne eee 150 200 
Clay, hard, yellow and blue, and pebbies......--...=.05.2 a ee 40; 240 
Sand (water bearing) | .2-s22sccen esas ate lesen os ess oe anwee ae eee 40 245 

Carboniferous (Mississippian): 

inderhook— 
| Fi pa oa ap a sere 100 345 

Devonian: 

Limestone ‘and Wate? <-<6.-.<c0- cc ecoeeneeetee nanan ase se eae one ees eee 100 445 





Traer.—The Traer town well, 249 feet deep, 54 feet of which 
is in rock, yields 200 gallons a minute to a steam pump. The 
‘water, which is from limestone, heads 189 feet below the curb. 
It is distributed by gravity with a domestic pressure of 55 
pounds and a fire pressure of 160 pounds, through two miles of 
mains to 20 fire hydrants and 150 taps to 800 persons, who con- 
sume 25,000 gallons daily. The water is good, but hard. 


Driller’s log of town of Traer well. 























'Thick- |Depth. 

ness. 

Feet | Feet 
Olay, yellow ---- I sa oS een Sea es re ee er ce es So 5 5 
Clay, blue; some “water- “bearing rte, RR PRR ee a SIE Sestak oe eee 180 195 
BES) asa no nec re a a a em cen a 35 230 
Limestone (water bearing): ~.9)22. 52202 ee eee eee 19 249 





Though the high elevation of Traer (916 feet above sea level) 
precludes any hope of a flowing well, water should rise within 
easy pumping distance from the Saint Peter sandstone and the © 
subjacent Ordovician and Cambrian water beds, the static level 
of whose waters is probably somewhat higher than 850 feet 
above sea level, or less than 70 feet from the surface. 


The Saint Peter will be encountered at about 250 feet below 
sea level, or 1,170 feet from the surface. Small yields may also 
be expected in the Galena and Platteville limestones overlying 
the Saint Peter. Wells should be sunk 500 or 550 feet below 
the summit of the Saint Peter in order to tap the far larger 
reservoirs of the Prairie du Chien stage and the Jordan sand- 
stone, which underlie the Saint Peter. A well about 1,700 or 
1,750 feet deep is indicated. 
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WELL DATA. 


The following table gives data of typical wells in Tama 


























county : 
Typical wells of Tama County. 
ad 
(>) 
Stas 
/ ° Remarks: 
Owner Loeation = om (Logs given in feet) 
i s =e s 
a a 5 3 
. o os o 
a) A n @ | 
Feet Feet 

Town of Toledo---|Toledo ____-__- 345 111 |Limestone_| — 30 

Mrs. 4. Huber_._...|'Tama’_.__.____. 816 106 |_... do:-....| — 19 

John MHodecheck--_|2 miles north of 880 | None.|Drifr sand_| —120 |Hill. Yellow clay, 40; 

Vining. bluish clay, 35; sand 
(water bearing), 11; blue 
clay, 288; sand and wa- 
ter, 6. 

Prank Krizek --.---|OQlutier -... .._- Z10 196 |Limestone.| + 18 |Strong flow. Dark soil, 
10; sand and clay (wa- 
ter bearing), 30; blue 
clay, 156; limestone and 
water, 14. At well bot- 
tom drill dropped 19 
inches and water gushed 
out. 

John Earhart --.-|7 miles north of 366 865 |Limestone-| —150 |Black soil, 3; blue clay 

=] Toledo. (?) and pebbles, 120; sand 
and some water, 3; blue 
clay and pebbles, 239; 
rock (limestone) and 
water, 1. 

Town of Traer-----|Traer __-..---_- 249 195 |Limestone.| —189 

Tama County(|24 miles north 445 245 |_... do ---.| —150 

Farm. of Toledo. 

mred Praher .......|Orystal ...... 307 800 |___. do ----| —100 |Hard water. Yellow and 
blue clays, 287; “hard- 
pan” or hard clay, 10; 
shale and some water, 
8; limestone and water, 

Pete Schmidt ....../24 miles south 644 800 |.--. do ---.| —150 

of Traer. ; 

Peeanpel ........ 3 miles east of 310 806 |---. do ---_| —120 |Yellow and blue clay and 

Gladbrook, ‘hardpan’ or _ hard 


clay, 306; limestone, 4. 
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CHAPTER X. 


UNDERGROUND WATERS OF THE SOUTHEASTERN 
DISTRICT. 





INTRODUCTION. 





BY W. H. NORTON. 


The southeastern district embraces the eleven counties of 
‘Davis, Des Moines, Henry, Jefferson, Keokuk, Lee, Louisa, 
Mahaska, Van Buren, Wapello, and Washington. 

If the deeper terranes continued through southeastern Iowa 
with the same thickness and the same degree and direction of 
inclination which they hold farther north, they would be car- 
ried too deep for profitable well drilling before they reached 
the Missouri state line. Fortunately a reversal of dip brings 
the Saint Peter and its associated water beds higher in Lee 
and Des Moines counties than in Cedar and Muscatine counties 
of east-central Iowa. From Burlington, where the Saint Peter 
reaches its highest’ recorded elevation in this area, it dips 
northward at a rate of more than six feet to the mile to the - 
Muscatine county line. The dip to Davenport is three feet to the 
mile. (Pl. XII, p. 618.) Between Burlington and Letts, the north- 
ward dip probably meets the southward in a sag. Northeast of 
Burlington the dip is to the north, at least as- far as Aledo, 
Illinois. Between Burlington and Mount Pleasant (Pl. XIII, 
p. 626.) the dip is five feet to the mile, and to the west, to 
Centerville, it is 4.6 feet to the mile. 

Where the Cambrian and Ordovician strata of southeastern 
Iowa are upwarped to form a low dome the Silurian and De- 
vonian strata are markedly thinner. For example, between 
Burlington and Keokuk (Pl. XII) the Devonian and Silurian 
strata barely exceed 150 feet in thickness; farther north, at 
Letts, they are more than 300 feet thick; still farther north, at ' 
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GEOLOGIC SECTION BETWEEN DAVENPORT AND KEOKUK, IOWA 
By W. H. Norton 


THE NORRIS PETERS CO., WASHINGTON, 0. C 

































> at pfucton 100 feet, and at Fort nied and Keokuk 
3s than 50 feet. (See Pl. XII.) The Galena and Platteville 
li Be fones likewise form a wedge that tapers toward the south- 
west. At Davenport their combined thickness is 340 feet and 
at Keokuk only 140 feet. 

Kd the upwarp of the Cambrian and lower Ordovician and the 
thinning of the higher terranes up to the Mississippian com- 
bine to bring artesian water from the Saint Peter and deeper 
aq uifers within easy drilling distance of the surface. (See Pl. 
J, in pocket.) At Keokuk, for example, the Saint Peter is 
reached only about 900 feet below the valley level. The Silurian 
‘and the Galena and Platteville limestones in the southeastern 
district also furnish exceptionally large quantities of water. At 
Burlington six deep wells obtain flows from the Silurian within 
about 500 feet of the surface, and the same formation, or pos- 
‘stbly the Galena, is tapped by some of the deep wells at Keo- 
kuk « The wells at Fort Madison obtain their supplies largely 
f rom the Galena. 

_The dome of southeastern Iowa is only the northward exten- 
sion of the upwarp of northeastern Missouri which brings the 
int Peter sandstone to the surface about fifty miles south of . 
okuk, in Ralls county, Missouri. This upwarp appears some- 
’ narrower in Jowa than in Missouri. Thus, though the 
A int Peter sandstone lies 613 feet below sea level at Bloom- 
4 field it is found at Baring, Knox county, Missouri, at 136 feet 
bel ow sea level, a southward rise of about 13 feet to the mile. 
i ‘or comparison with the section of southeastern Iowa the 
record of the Baring well is appended. It will be noted that 
the » Silurian is arenaceous, that the Maquoketa has pinched 


and that the Galena and Platteville limestones and the 
De Borah shale combined measure only 79 feet in thickness. 
Water occurs in the Silurian sandstone, the Galena dolomite, 
the Saint Peter sandstone, and at several horizons i in the Prairie 
du Chien stage. Reports have not been received as to water 
2 eds in the Cambrian. 


wi 
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Record of strata in the Atchison, Topeka & Santa Fe Railway well, at Baring, 











Missouri. 
Thick- 
ness. 
Pleistocene (100 feet thick; top, 808 feet above sea level): Feet 
Till, blue,, predominantly clayey = io. Se- so an eee eer eee oe oe 100 


Carboniferous (Mississippian): 
Saint Sys limestone and Osage stage (365 feet thick; top, 708 feet above 
sea level)— 
Chert, with white limestone and chalcedonic and crystalline silica; in sand 175 
Shale, green-gray, highly arenaceous; with minute irregular grains of 





crystalline quartz, CalcarcoOus a 23 2h oe oboe ade ee ne a eee 5 
“Timestone, white;’’. no sample... 2.i.2-o2. onsen ee eee 65 
Sandstone, very coarse; very imperfectly rounded grains of quartz and 

other minerals; water heading at 180 feet below curb_---------__----_---__ 15 
Chert; fine sand of particles of cryptocrystalline silica with some white 

limestone and some crystalline quartz; water at 375 feet.---_---_---__--__ 15 
Marl, light yellow; rapid effervescence, large siliceous and argillaceous ae 

residue, .c.-:56-<..0s 2 2 Se See ee eee 
Timestone, light drab, fine-grained... 522057. ones eo eee 50 

Kinderhook stage (83 feet thick; top, 343 feet above sea level)— 
“Shales” “no. S@MpPlO'' Soe oe ce kw eee eee 28 
“Blue clay; sf?” NOAAAMPlOle ose es ee pili eS Fala sigs ce a ern ee 5 
Devonian (217 feet thick; top, 310 feet above sea level): 
“Limestone;’”? no sample on ia gig en fees oe oie es ae ai oa a ae eC 12 
Limestone, gray; rapid effervescence; earthy, fossiliferous, with joints of 
crinoid stems and fragments of shells of brachiopods; in flaky chips. 205 
Silurian (150 feet thick; top, 93 feet above sea level): 
Limestone and sandstone; limestone, light yellow-gray, rapid effervescence; 
sandstone, fine-grained, larger grains of pure quartz and well rounded, a 
few with secondary enlargements; much ecryptocrystalline silica in chips; 
water at: 860: feet..c. 4. Se ee ee eee 145 
“Sand;. whites” no sample 2-2-2 ee ee 5 
Ordovician: 


Galena limestone (69 feet thick; top, 57 feet below sea level)— 
Dolomite or Magnesian limestone, cherty; in brown crystalline sand; water 


at 000° feet. 2222.2... 35 9 ee ee 69 
Decorah shale (4 feet thick; top, 126 feet below sea level)— 
‘Shale:”* no sample | 2.2.2.0 ee eae 4 
Platteville limestone (6 feet thick; top, 130 feet below sea level)— 
Limestone, light gray; rapid effervescence; some chert; in small chips__-- 6 


Saint Peter sandstone (46 feet thick; top, 136 feet below sea level)— 
Sandstone, light yellow, fine-grained; of pure quartz, grains moderately 
well rounded, some showing secondary enlargements; 4 samples; water at 










956. feet: <cieendu wtp Sn ke Se ee ee eee eee 46 
Prairie du Chien stage (702 feet thick, top, 182 feet below sea level)— 
Dolomite, light yellow; im sparkling sand 2-2-1 See 10 
“Slate, bine; no sample...s o.oo ence ecco eee aa eee 9 
Sandstone, buff, very fine; grains imperfectly rounded_---.....__-.__-._._._ 80 
Sandstone, coarser, heavily rusted; water bearing_..-.......-------.-.-.. 2 
Dolomite, buff and light brown, cherty, highly arenaceous; 3 samples_-._ 67 
Dolomite, light brown and gray, oolitic, cherty, somewhat arenaceous; 3 
Samples; ‘water bearing at.:1,140 feeti.. 2.2 eee 97 
Dolomite, light buff, highly- arenaceous.— +. -0- 2-22 coe ee 85 
Dolomite, light buff, somewhat arenaceous..c.- 2220222 78 
Dolomite, light buff, highly arenaceous and cherty------__----------------.. 90 
Dolomite, buff; some sand in drillings---—— 2 eee 86 
Dolomite, light gray; water heading at 126 feet below curb_---------_-.__-__ 21 
“Limestone” (dolomite); no sample; water at 1,535 feet_._--._--_-----______ 20 
Dolomite, cherty, somewhat arenaceous; 2 samples___---------_-__--_____-__ 37 
Marl, light buff, in concreted powder; and dolomite, in fine meal_-_---__ 4 
Dolomite, light buff, cherty. 14 
Dolomite, light yellow_---. 35 
Dolomite, light. sorowny asst so ee eee 17 
Dolomite, rusted grains with some chert and a few grains of quartz sand 4 
Dolomite, buff, with some chert, minute grains of quartz sand and a 
little glauconite; two samples eee Swoon ten candies pete 20 
Dolomite, buff, cherty, stwo. samples. ee ee eee 26 
Cambrian (150 feet penetrated; top 884 feet below sea level): 
Sandstone, light yellow, in clean quartz sand; grains well rounded, larger grains 
reach from .6 to 1 millimeter... 2. a ee ee 8 
Sandstone, light yellow, coarser; three samples.—..2:.. 26-5 Sooo ceeee 60 
Sandstone, light yellow, with some green shale_._.. 2. nen en wn cnn wean 14 
Mar], ‘light yellow-gray, calcareoargillaceous G. 22-2222 ee eee 8 
Sandstone, “whitish, W222 ses ee re ee eee 11 


Sandstone, buff, rounded grains, with an admixture of marl; two samples__ 49 
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DAVIS COUNTY 
BY 0. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY, 


The upland surface of Davis county slopes gently toward the 
east and in general lies between 750 and 950 feet above sea 
level. It represents an original plain which still exists in ex- 
tensive remnants as upland prairies, but which throughout most 
of the county is dissected by a complicated system of valleys 
and ravines that have produced a hill country with a relief of 
100 feet and more. The hill topography is best developed near 
the principal streams, as in the vicinity of Soap creek, and the 
prairie topography in the districts most remote from streams, 
as on the divide followed by the Chicago, Burlington & Quincy 
railway. The prairies are sufficiently continuous to have been 
for the most part preferred to the valleys for railway construc- 
fion, and hence it has come about that nearly all of the villages 
are located on the upland. 


GEOLOGY. 


The valleys are excavated almost entirely in glacial drift, 
only the deepest extending to bedrock. This fact and the infor- 
mation obtained from well sections indicate that in most local- 
ities the drift beneath the uneroded uplands is between 100 and 
200 feet deep. S. J. Andrews, a well borer at Pulaski, sharply 
distinguishes two deposits, both of which are probably glacial 
drift. The upper deposit he describes as a crumbling clay, or- 
dinarily yellow, and in many places about 50 feet thick, con- 
taining pebbles and bowlders; the lower he describes as more 
tough and ‘‘oily,’’ generally black but exceptionally yellow, con- 
taining only a few pebbles and bowlders, but numerous leaves, 
shells, and pieces of wood. This lower deposit is absent over 
a large part of the county, but in certain localities it reaches 
a maximum thickness of more than 100 feet. A large specimen 
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of this deposit was examined and found to consist of tough, 
dense, dark carbonaceous clay containing fragments and specks 
of black carbonized wood, minute lime concretions, and a few 
tiny greenstone pebbles, and showing an indistinct foliated or 
nodular structure. Below the lower of these two deposits in 
most localities lies a bed of white sand only a few feet thick, 
and this sand or, in its absence, one of the other deposits, gen-— 
erally rests upon a stratum which is locally known as ‘‘black- 
jack’? or ‘‘blue daub,’’ but which appears to be shale inter- 
bedded with limestone strata. The upper deposit is probably 
Kansan drift thinly covered with loess or loess-like clay, and 
the underlying dark deposit may belong to the Nebraskan 
sheet. The following section is more or less typical in this 
county. The bowlder clay probably begins at the depth of 15 
feet. 


Section of group of wells about 4 miles west of Pulaski. 

















Thick- |Depth. 

ness, 

Feet Feet 
Ol se cnsce nen eee cee oe ee ee ee eee ee ee 1 1 
Olay, yellow - 2222s e ee a re a cere clea co sae 7 8 
Olay, blue, stiff; without ‘pritecs soe seen at Se ee ee 7 15 
Clay, . yellow, »pebbly2= 202. ee ee ee eee 40 55 
Olay, black, containing oil, -wood, leaves; shelis, “eteislo- ss - eee 57 112 
Sand; white (good supply of. water) _.--- 222s ee eee 2 114 


Shale, dark, “blackjack,” entered. 








Throughout nearly all of Davis county the bedrock consists 
of shale, sandstone, limestone, and coal belonging to the Des 
Moines stage of the Pennsylvanian series. Near Soap creek, 
in the northern part of the county, and at many places in its 
northeastern part outcrops of this bedrock occur. It is also 
exposed in a few coal mines, and is apparently reached by wells 
drilled in all parts of the county. 


UNDERGROUND WATER. 


Water is obtained from several strata, none of which are 
entirely satisfactory. The chief reliance is placed on shallow 
wells dug or bored into the loesslike clay and upper part of the 
glacial drift, the seepage from which is adequate for ordinary 
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purposes in some localities where gravelly beds are found, but 
is quite inadequate and unreliable in others where the material 
is less porous. The water table in this upper layer conforms 
closely to the surface configuration, the water in shallow up- 
land wells commonly standing high above the level of deep 
valleys only short distances away. Especially is this true in 
rainy seasons. 

More dependable supplies are in some localities obtained from 
beds of sand farther down in the drift, such as the white sand 
that usually lies below the carbonaceous deposit described; but 
beds of sand are not found everywhere, and in some places 
where present are not water bearing, because they have drained 
into adjacent deep valleys. Moreover, in wells of small diameter 
the sand causes trouble by rising with the water. 

A number of wells drilled into the Pennsylvanian rocks to 
depths ranging from 300 to 400 feet find small or moderate sup- 
plies of mineralized water that rises to a level far below the 
surface of the uplands, but nearly or quite as high as the flood 
plains of the deepest valleys. A well of this kind may cost 
more than $500. 

At still greater depths are formations which yield large 
amounts of water that is hard but not so strongly mineralized 
as the average water from the Pennsylvanian Coal Measures. 


On the uplands the water from these sources will remain far 


below the surface, but in the lowest valleys it will closely ap- 
proach the surface or overflow. For farms and small munici- 
palities the eost of drilling to the deep horizons is practically 
prohibitive. 

Rain water is largely employed in this county for househoid 
use and for watering live stock. It is stored in cisterns and 
in reservoirs made by damming ravines. Many of these dams 
are seen in the hill country, where the drift is thin and is in 
great measure drained into the numerous valleys by which the 


upland is dissected. 


CITY AND VILLAGE SUPPLIES. 


Bloomfield.—The public supply for Bloomfield (population, 


- 2,028) is derived from a well 1,817 feet deep, cased with 12-inch 


pipe to rock at 320 feet, below which 636 feet of 8-inch pipe ex- 
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tends down to 942 feet, and 519 feet 2 inches of 6-inch pipe to 
1,445 feet. The curb is 845 feet above sea level and the water 
rises within 130 feet of the curb, or 715 feet above sea level. 
Its temperature is about 65° F. Water was found at depths of 
300 feet, 1,425 feet, and 1,750 feet. The well was drilled in 1900 
by J. P. Miller & Company, of Chicago, and cost $6,500. 

The strata penetrated are indicated by the driller’s log: 


Driller’s log of city well at Bloomfield. 











| Thickness Depth 

Feet Feet 
Drift as Fe A eck eee ee ee eee 320 320 
Lime; caves “badly “at 420 “feet___ pie ey ne Reo Ree Lene Paani AOS ye Sl 100 420 
Lime and shale. eee SE eee eee ee 130 550 
Hard lime; caves at 670 iets eR ae fore Se 120 670 
Streaks of lime and shale; caves badly at 780 “feet__ BERe BE a ee CE te 272 942 
Lime rock; caves badly at 967 ‘Teeth SS ee eee 203 1,145 
Streaks of lime ‘and shale!..ccc 055.2 2a 8 Se ee eee 45 1,190 
Band Tock’ 2-2 eee 70 1,260 
LIMe TOCK | pcan. cock ie eerie eee ee ee ee 102 1,362 
Shales caves badly” #t:1;420" feet. 22 we a ree onunveuenenennoe 83 1,445 
Sand. Tock. 2.0.2 wc cbeccaccmencnceanee op eesew een naee eee ee ee ee 15 1,460 
eine TOCK one ae ee ee ie eee 190 1,650 
Band Tock .222u2o see en ee eee 167 1,817 





Rock caved more or less all the way down to 1,650 feet. 

Rocks belonging to the Saint Louis limestone and the Osage 
stage (Mississippian) seem to extend to a depth of about 670 
feet, and the streaks of lime and shale which are reported 
from 670 to 942 feet probably represent the Kinderhook. The 
‘tsand rock’? from 1,190 to 1,260 feet may be correlated with 
the Silurian; the shale from 1,362 to 1,445 feet may be assigned 
to the Decorah shale or to a shale in the Platteville limestone. 
The water-bearing sandstone from 1,445 to 1,460 feet (613 to 628 
feet below sea level) is probably the Saint Peter; all the rocks 
below this level probably belong to the Prairie du Chien stage. 

By means of an air lift with a pipe extending to a depth 
of 345 feet 250 gallons a minute are ordinarily discharged from 
the well into an underground reservoir, but in a test this yield 
has been increased to over 300 gallons a minute. From the 
reservoir the water is pumped into a tank elevated upon a tower 
and is thence distributed by gravity through a system of mains 
whose total length is about two miles. There are 28 fire hy- 
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drants and 63 taps in the city; somewhat less than one-fifth of 
the dwellings have service connections, and the average daily 
consumption of water is about 15,000 gallons. The water is 
used freely for drinking and other purposes, but is very hard, 
as is shown by the analysis (p. 195), and for this reason is 
avoided for toilet, laundry, and boiler uses, rain water stored 
in cisterns or other, reservoirs being used instead. 

Before the deep well was drilled the public supply was ob- 
tained from a four-inch well that ended at a depth of about 300 
feet in a thick bed of sand, from which a generous supply of 
hard water was obtained. The well was not provided with a 
sereen, and it filled with sand to such an extent that it was 
abandoned. 


DES MOINES COUNTY 


BY We tt. NORZON, 





TOPOGRAPHY. 


The topography of Des Moines county is controlled for the 


- most part by a few simple factors. The county is wholly in the 


area of the Illinoian drift, and by far its larger part is an up- 


land molded to a nearly level surface by the Illinoian ice. 

On the east the upland overlooks from a singularly straight 
and steep escarpment the broad bottom lands of the Mississippi. 
The interstream areas of the upland, chosen by the railways in 
preference to the valleys, present to the eye level or slightly 
undulating floors, with low swells and sags 10 to 20 feet in re- 
hef. The tabular divides are incised along their edges by steep, 
narrow, young ravines which lead down to the broader shallow 
valleys of the creeks. Their digitate lobes, still flat-surfaced, 


_ reach even to the escarpment overlooking the Mississippi, where 


the minor water courses break into cascades as they descend 
from hanging ravines. Ground water in an upland so young 


may very naturally stand high, except near the dissected edges. 
40 
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The Mississippi, which forms the eastern boundary of the 
county, here passes diagonally across a broad alluvial floor, five 
miles in width, traversed by numerous inosculating bayous and 
overflowed by the river’s annual floods. To the south this strip 
of flood plain narrows until, at Burlington, where the great river 
saps the bluffs of the escarpment, it is entirely lacking. 

Skunk river, which bounds the county on the south, flows for 
most of its course through a narrow valley. Five miles above 
its mouth it develops a flood plain which opens broadly on that 
of the Mississippi, since here the river traverses a deep pre- 
glacial valley filled with easily eroded drift. 


GEOLOGY, 


The country rock of Des Moines county belongs wholly to the 
Mississippian series of the Carboniferous. (See Pl. XIII.) 
At the base of this series hes a group of shales and shaly lime- 
stones, the Kinderhook, measuring, as sounded in the deep well 
at Crapo Park in Burlington, about 300 feet in thickness. (See 
Pls. XII, XIII.) ‘Only the upper portions of the Kinderhook 
are exposed within the county. The bulk of the stage consists 
of soft blue ‘‘mud-rock’’ shale, well known and easily recog- 
nized by all well drillers. Toward the top, however, are clayey 
sandstones and impure limestones—transition beds to the over- 
lying Osage stage. 

The Osage stage comprises two formations, the Burlington 
limestone at the base, and the Keokuk limestone at the top. 
The lower part of the Burlington limestone is characterized by 
the singular whiteness of the cuttings obtained by the driller and 
by the fragments of crinoid stems and plates of which the lime- 
stone in places is largely composed. Because of its easy solu- 
bility this limestone has been extensively tunnelled by subter- 
ranean waterways to which numerous sink holes give access. 
It occurs in two beds separated by about 20 feet of cherty and 
caleareous shale, and forms the country rock over about one-. 
fourth of the entire county, underlying a broad upland belt 
along the Mississippi. Upon this basal white limestone les a 
well-defined bed of chert or flint about 30 feet thick to which the 
Iowa State Survey has given the name Montrose Chert. The 
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PLATE XII 
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Burlington 
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chert, which composes the upper division of the Burlington 
limestone, is overlain by the Keokuk limestone, a blue compact 
limestone containing much chert in flinty nodules and irregular 
bands, passing upward into geode-bearing shales, which furnish 
cuttings of milk-white chalcedonie silica and erystals of quartz. 

The Saint Louis hmestone forms the summit of the Mississ- 
ippian series over southeastern Iowa and forms the country 
rock in the southwest corner of Des Moines county. The beds 
include white marl, gray and brown limestones, and a hard, 
brittle, broken, and recemented limestone of fine grain in ang- 
ular fragments whose interstices may be filled with greenish 
clay. 

The Des Moines stage of the Pennsylvanian series occupies 
only a few isolated areas in the southwestern part of the county. 
Its rocks consist of buff sandstones and may reach a thickness 
of 50 to 100 feet. 

The surface deposit over the uplands of Des Moines county is 
the loess—a soft silt or dust, buff above, in many places gray at 
base, and free from sand, pebbles, and larger stones. Beneath 
the loess in many places lie as many as three distinct stony clays 
separated by different water-laid deposits. The uppermost is 
the Illinoian drift, a yellow or, where unweathered, a bluish 
stony clay, generally bleached and leached superficially and 
Supporting an ancient soil developed during the long interval 
which, elapsed after its deposition and the accumulation upon it 
of the loess. Beneath the Illinoian drift lies the Kansan, a hard, 
stony clay, blue where not weathered. Lowest of all lies the Neb- 
raskan drift, a still darker stony clay. Ancient soils and buried 
peat bogs and beds of sand and gravel in many places separate 
the Kansan drift from both the Illinoian and the Nebraskan. 


UNDERGROUND WATER. 
SOURCES. 


On the broad flood plain of the Mississippi, sheet water is 
found in river sands and gravels at depths of 16 to 20 feet. 
Driven wells, consisting of 114-inch pipe with a sand point, are 
almost universally employed. 
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On the narrow flood plains of Skunk river and the other 
streams of the county the alluvium is of little importance except 
in villages. The village of Augusta, situated on the Skunk river 
bottoms, draws its house supplies from wells from 16 to 24 feet 
deep, sunk to rock through river deposits which find a sheet of 
ground water about two feet deep moving riverward in sand 
resting on the rock surface. 

Some of the silts at the base of the loess supply water, 
especially for shallow open wells on the tabular divides in places 
where ground water stands near the surface owing to the flat- 
ness of the land or to local sags. The beds lying between the 
Illinoian drift and the Kansan include in places sands of some 
thickness. Unfortunately these beds also include old soils, 
muck, and buried wood, which in places injure seriously the 
quality of the water. 

Water is also obtained from the sands and gravels which 
separate the Kansan from the underlying Nebraskan drift and 
also from the sand and gravels that in some places rest on the 
country rock. 

Besides these fairly constant water beds of the drift, irreg- 
ular and inconstant beds of sand and gravel may occur in any 
of the drift sheets, and, where of sufficient continuity and extent 
or sufficient connection with interglacial sands, may form local 
water beds adequate for small wells. 

On the whole the drift, where thickest and where least dis- 
sected by stream ways, forms an adequate reservoir for ground 
water and the supply of common wells. But where bedrock 
comes near the surface and the drift sheets are thin, and where 
they have been intricately cut by streams leaving the steep- 
sided and narrow divides locally called ‘‘breaks,’’ the drift is 
often found nearly dry and water must be sought in the rock be- 
neath. ‘The drift is specially thick along the terminal moraine 
of the Illinoian sheet which extends from north to south through 
Washington and Pleasant Grove townships. Here the ridge 
of the moraine rises 60 or 70 feet above the level of the adjacent 
upland plains and the drift has not been found less than 120 
feet in thickness. On this ridge wells find water in drift sands 
and gravels. Other areas of specially thick drift occur where 
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ancient rock-cut river valleys have been filled with glacial and 
interglacial deposits. Several deep wells in drift from Sperry 
to southeast of Latta point to a buried channel which apparently 
debouches into the Mississippi channel between Flint river and 
the north line of Burlington township. <A deep drift well a mile 
south of Kossuth marks perhaps a northeast tributary of this 
channel although it may point to an independent valley leading 
to the Mississippi. Thus near Latta, along a north-south line 
a mile in length, are three deep wells, two of which are nearly 
190 feet deep and strike no rock, and the third—the most north- 
ern—233 feet deep, finds the blue shale of the Kinderhook’ at 
231 feet. Drillers report ‘‘deep country’’ from south of Dodge- 
ville, running northwest to between Pleasant Grove and Yar- 
mouth. Other wells of exceptionally deep drift reported from 
Middletown, northwest of Danville and east of New London, 
may mark another buried channel whose rock floor lies at 
about the level of the present bed of the Mississippi at Burling- 
ton. A few flowing wells from the drift are reported on low 
ground from Danville to south of Middletown. 

The basal member of the rocks exposed in the county, the 
shale of the Kinderhook, is dry. Wells finding little or no water 
before reaching this shale have penetrated it to a depth near 
Augusta of 220 and 257 feet, and near the Mississippi north of 
Burlington to even as much as 300 feet without success. Un- 
less the owner is prepared to go through this heavy shale and 
several hundred feet still deeper to tap the Galena waters, the 
drilling should be stopped on reaching the Kinderhook, aad a 
well sunk in another place. 

The limestones overlying the Kinderhook are water bearing, 
the chief aquifers lying in the lower part of the Burlington 
limestone. Ground water collects in this limestone in the crev- 
ices, joints and waterways formed by solution, its downward 
progress being stopped by the underlying floor of impervious 
shale. The upper cherty member of the Burlington (Montrose 
Chert) is also water bearing. The Saint Louis limestone prob- 
ably carries water in the small area which it occupies in the 
southwestern townships, as may be inferred from the known 
water beds along its outcrop farther to the west. 

1Pultz, F. M., Proc. Iowa Acad. Sci., vol. 3. p. 62. 
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At and near Burlington, except for the drift gravels found on 
the rock and minor veins, the first dependable water bed is the 
Silurian. It is apparently this bed which supplies weils about 
500 feet in depth, affording to some of them a generous yield. 
The initial head seems to have been about 570 feet above sea 
level but no exact statements can be made since requests made of 
the city officials for information as to the elevation of the differ- 
ent well curbs have not been answered. A sharp fall of static level 
was observed in several wells on the completion of the Clinton- 
Copeland well. The water bed is evidently overdrawn, and 
flows from it can no longer be expected, except from the lowest 
levels. To protect the wells at Burlington which now draw 
from it no further drafts should be made, and all wells drilled 
in the city should not only seek a deeper supply but should also 
ease off the Silurian water. In quality the Silurian water is 
hard and corrosive. As shown in the analyses (p. 195), calcium 
approaches 400 parts per million, sodium runs between 700 and 
800 parts, and the sulphate ions somewhat exceed 2,338 parts 
in one of the wells. The total solids were about 4,000 parts per 
million in the wells analyzed. 

The reference to the Silurian of the water bed of the 500-foot 
wells at Burlington is made with a good deal of hesitation, al- 
though no other reference seems possible, since the Crapo Park 
well record places the base of the Maquoketa shale (Ordovician) 
below the bottom of these wells. On the other hand the Crapo 
Park record is supported by but few sample drillings over the 
eritical horizons. Some of the wells reach nearly to the sup- 
posed base of the Maquoketa. Local drillers speak of this water 
bed as the Saint Peter sand rock, a term rather easily applied 
to the water-bearing Galena dolomite, a rock which crushes 
under the drill to a sparkling crystalline sand, but which it 
seems hardly probable would be applied to any Silurian rock 
that appears in the samples. of any of the Burlington wells. 
The Galena forms one of the chief water beds at Fort Madison, 
and appears in full thickness at Mount Pleasant, where again 
the Silurian contains no water-bearing rock, if the record and 
the large amount of anhydrite present are reliable guides. It 
is hoped that the question whether the Silurian or the Galena 
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supplies the water for the 500-foot wells at Burlington may soon 
be definitely settled by obtaining a complete set of samples of 
the drillings of a well reaching to the well-defined horizon of 
the Saint Peter. 

New wells should not fail to go as deep as the Saint Peter, 
which here lies about 260 feet below sea level. The formation 
is exceptionally thick at Burlington and yields generously. 
The pressure is much higher than that of the Galena, the static 
level apparently reaching at present 630 or 640 feet. Because 
of the marked difference in pressure of the Saint Peter and the 
Silurian waters, the Silurian should be cased off to prevent 
lateral escape of the deeper waters through its waterways. The 
quality of the Saint Peter water is much better than that of the 
higher flows, containing less than one-half the solids in solution, 
the greatest differences being in the sodium and the sulphate 
ions, according to Hendrixson’s analyses. As but three wells 
at present draw water from the Saint Peter, no overdraft has 
yet occurred. 

The water beds lying beneath the Saint Peter are tapped by 
but one well, that of Crapo Park. The water from these beds 
has about the same static level as that of the Saint Peter, but 
is distinctly superior in quality, the combined waters of all 
horizons in the park well containing only about half as much dis- 
solved solids as that of the Saint Peter and the Galena combined 
and one-fourth that from the Galena alone. As the static level 
at Crapo Park is more than 100 feet higher than the lower 
grounds of the city, wells drilled in the manufacturing parts of 
the city situated near the level of the Mississippi will have high 
pressure and proportionately large discharge. 


SPRINGS. 


The chief spring horizon in Des Moines county is at the base 
of the Burlington limestone, whose massive beds are water- 
logged, owing to their resting upon a floor of impervious shale. 
As the lower part of the Burlington limestone is easily soluble 
and is therefore traversed by numerous channels opened up by 
solution, springs along the outcrops of its basal layers are ex- 
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ceptionally abundant and copious. They are found along the 
escarpment of the Mississippi and along the lower courses of 
the Skunk and Flint rivers. In many ravines the springs 
emerge above a massive basal layer of the limestone and cas- 
cade over the cliff formed by the sapping of the limestone by 
the retreat of the weak shale beneath. ‘These springs are util- 
ized only for stock and dairy and household purposes. 


CITY AND VILLAGE SUPPLIES. 


Burlington.—The water supply of Burlington (population, 
24,324) is taken from Mississippi river and passed through 
settling tanks and filters. The water is brought through a 
24-inch cast-iron pipe from a point near the center of the main 
channel of the river and above any possible source of pollution, 
it is said, from city drainage. The coarser materials are allowed 
to settle in an extension of the well, 20 feet wide and 125 feet 
in length. This extension is cleaned with a centrifugal pump 
whenever the river lowers to within four or five feet above the 
low-water stage. From the well the water is pumped by low- 
service pumps to four steel settling tanks, 30 feet in height and 
44, 35, 28, and 22 feet in diameter. The water enters the tanks 
through several thousand small holes in cast-iron pipes about 6 
feet above the bottoms of the tanks, and passes out over weirs 
at the top. The tanks are cleaned once each month by opening 
the sewer valves and washing with a hose. Cleaning requires 
from two to three hours. 


From the settling tanks the water flows by gravity to the fil- 
ters. ‘These are in six units, fully equipped, and have a com- 
bined capacity of 3,000,000 gallons in 24 hours. The amount 
pumped is about 1,800,000 gallons. Each unit is eight feet wide 
by 26 feet long, and is of reenforced concrete. The filters are 
placed at a sufficient height above the clear well and above the 
controllers in the pipe gallery to obtain the benefit of the ‘‘down 
draft.’’ Each filter bed has nine inches of gravel from Mount 
Tom, Massachusetts, and 30 inches of filter sand from Red Wing, 
Minnesota. Water strainers are placed on the floors of the fil- 
ters, and air strainers in the gravel. Water for washing the 


\ 
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filters is supplied from the clear well by a Lawrence centrifugal 
pump connected to a Lawrence vertical engine to which is also 
belted the air compressor. 


There are two coagulant tanks. Compressed air is employed 
for their agitation. A specified number of inches is fed per 
hour, the feed being changed in the event of any change in the 
demand for water, as for example a large fire or a broken main. 
Sulphate of alumina is used as coagulant, the solution for the 
day run being stronger than that for the night. Before pre- 
paring the solution the turbidity of the raw water and of the 
water in the settling tanks is measured with a turbidity rod. 
From the records is then.found the strength of solution which 
has been found to give satisfactory results with an equal tur- 
bidity and pumpage. Three times a week the alkalinity of both 
raw and filtered water is determined, and the color of the water 
from each filter is determined with standard disks. The color 
normally desired is that of disk No. 6, but the color frequently 
gets as high as that of No. 12. When it rises to No. 18 the 


strength of the coagulant solution is increased. The average 


amount of coagulant used is between three and four grains to 
the gallon. When the turbidity rises to between 2,000 and 3,000, 
as much as seven grains is used. Bacterial tests are made from 
time to time. 

Once a week the filtered water is tested for alum with the 


| logwood test, but none has ever been tested in the filtrate. 


The coagulant is supplied by gravity to the suctions of the 
low-service pymps, which lift the raw water from the well to the 
settling tanks. The distribution is direct, with a domestic pres- 
sure of 100 pounds and a fire pressure of from 125 to 150 pounds. 
In 1907 there were 32 miles of mains, 339 fire hydrants, and 
3,170 taps, and the mains were being extended about two miles 
each year. 

The city well at Crapo Park (Pls. XII, XIII) has a depth of 
2,430 feet and diameter of 6 inches from the surface to 1,700 
feet and 5 inches to bottom; cased to limestone at depth of 18 


feet. The curb is 685 feet above sea level, and the head 38 feet 


below curb. The tested capacity is 250,000 gallons a day, the 


water coming principally from 950 feet below surface. The 
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well was completed in 1898, at a cost of $5,095, by Tweedy 
Brothers, of Keokuk. Later a casing was inserted between 
depths of 110 and 210 feet, as a result of which water rose to 
36 feet below curb. 

The following record is based on determinations by the writer 
of samples of drillings saved by F. M. Fultz, superintendent of 
the Burlington public schools. It agrees for the most part with 
the record given by Mr. Fultz.’ 


Record of strata in Crapo Park well at Burlington (Pls. XII., p. 618; 
XIII, p. 626). 








_ Thickness Depth 
Pleistocene: Feet Feet 
Loess and ‘drift....-.2 2), Sei e 2 ee ee ee eee 18 
Carboniferous: 
Mississippian (422 feet thick; top, 667 feet above sea level)— 
Limestone, buff; effervescence rather slow; some chert in small 











chips: ...--2. 26st, Sees Eres ee ee ee eee 23 41 
Limestone, buff and white, granular; rapid effervescence____--_--- 37 78 
Limestone, light yellow; in fine meal; rapid effervescence; some chert 19 97 
Limestone, buff; in fine meal and flour; rapid effervescence; some 

Chert .c-tccabace Ee a ee ee ee eee 13 110 
Limestone, magnesian or dolomite, blue-gray, erystalline___-_-_----- 389 149 
Shale, biue and drab! (kindérhoolns2--.. = eee ee 291 440 

Devonian and Silurian (140 feet thick; top, 245 feet above sea level): 
Limestone; in light gray, highly argillaceous powder; rapid effervescence 140 5eo 


Ordovician: 

Maquoketa shale (108 feet thick; top, 105 feet above sea level): 
Shale, light gray, highly calcareous; in powder__------__------------ 88 618 
Shale, drab: 22.2.5) SS eee eee 70 688 

Galena dolomite and Platteville limestone (257 feet thick; top, 3 feet 

below sea level)— 
Dolomite, light buff, erystalline-granular; with hard brown bitum- 
inous shale at 868. feet® 6 usaniplesi—) == sc. ee eee 207 . 895 
Limestone, buff, finely granular; rapid effervescence___ S: 81 926 
Dolomite, light yellow; in sand and powder___--_-_-__-____-__------ 19 $45 

Saint Peter sandstone (120 feet thick; top, 260 feet below sea level)— 
Sandstone, fine-grained, white; some limestone; grains of consider- 




















able range in size, moderately well rounded_____---------------__-- 10 955 
Sandstone, clean, white; somewhat coarser than above_-_----------- 45 1,000 
Sandstone; as above; much hard, green shale like the basal shale 

a of the Platteville. limestone 2s se ee ee ee eee 40 1,040 
Sandstone, clean, white; largest grains reach 0.7 millimeter in 

Giameter it. 2. cee Bee eS eet ee ee ee ee eee 10 1,050 
Sandstone; as above; largest grains slightly exceed 1 millimeter in 

Giaimeter (202.2 St ee Bee ee ee eee ey mos. 15 1,065 

Prairie du Chien stage (565 feet thick; top, 380 feet below sea level)— 
Dolomite,; light’ gray; -some*eherta-=22.~ete eee ee 35 1,100 
Marl, white and pink, highly dolomitic; large residue of fine quartz 

sand and argillaceous material and flakes of chert; 3 samples__ 235 1,335 
Dolomite; in fine, light yellow, crystalline mea]__--__-___------_----- 15 1,350 
Sandstone and tpink “oolitie chert. ==. = eae ee eee 10 1,360 
Dolomite, arenaceous, or sandstone, calcareous, all in fine, yellow 

BANC) accep ss ee a ee ee ee ee ee eee ee 20 1,380 
Dolomite, light yellow, highly arenaceous; angular grains of pure 

dolomite and rounded grains of quartz sand__---.------_--------- 20 3,400 
Marl, white; residue minutely quartzose ~.-----------------—------- 10 1,410 
Ghertvand. dolomite a2. 522. ee ee eee eee 9 1,419 
Dolomite, buff and light gray; in fine sand; cherty; 4 samples 56 1,475 
Unknown: drillings washed “awa yocse--osee- sone ae se eee aoe eee 44 1,519 
Dolomite? and. cherts. n°. she ee oe ee eee ee eee 6 1,525 
Ohert and ‘dolomite, ‘gray ~22-¢2 os 5 a ek seen ae 20 1,545 
Dolomite, gray, cherty, and arenaceous_--_---— = 2-2 os 25 1,570 
Dolomite, light’? brown, ichertycc.2 2 ae 15 1,585 
Dolomite; eray, .cherty 2. so. ese ew eee ee eee eee eee 45 * 1,630 





1Proc. Iowa Acad. Sci.. vol. 6, 1899, pp, 70-74. 
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| Thickness Depth 
> Feet Feet 
- QGambrian: 
_ Jordan sandstone, Saint Lawrence formation, and underlying Cam- 
brian strata (800 feet penetrated; top, 945 feet below sea level)— 
Wi, Y Buuunown drillings washed. away_....---2--.<.-5----.----_0--=-=--- 40 1,670 
~~ Sandstone, clean; grains well rounded; largest reaching 1 millimeter) 
ARGH SEIT NEG. Site RAS ae ae eee eae) Ce ee 20 1,690 
Sandstone, calcareous, or dolomite, arenaceous, buff; dolomite in 

angular particles with rounded quartz grains_---__--_------------.- 35 1,725 
Monnown; drillines: washed away .2--c.-—--2 2 ee 275 2,000 
Sandstone, light gray; in fine angular meal; minute grains of! © 

quartz and of glauconite with dolomitic cement or matrix; 4 

(TLS a aS ins a PS ah at OR, CS a per ne Re ae 95 2,095 
Dolomite, gray; in fine chips, minutely quartzose, 3 samples_____- 85 2,130 
Sandstone; as from 2,000-2,095 feet; brownish, highly glauconit- 

RInprnRe Ronee See ae eo Sha De i ese ie ee - 95 2,225 
Sandstone; fine grains of clear quartz, some pink, some with sec-) . 

co Wuby GI ESP eRyae eet tee! 2 Sa ee ee eee ae ee ee 10 2,235 
Sandstone, gray, glauconiferous, calciferous; grains varying in size, 

Pameeneinm arpa and well. rounded=.. — <2 .4.45. 62s. 35 2,270 
mamiacone: asetrom 25000 to 2,095 feet oese oo ee 8 ok 5 2,275 
Sandstone; in loose grains of clear quartz, largest, diameter of 1 

RSIS ly SES a ee Ee ne ae ae ene eee 85 2,860 
imaunown, <drillines “washed away. 2 -2-b-_s--2--2--1 LL _ 40 2,400 
Sandstone, dark brown, glauconiferous; in rounded grains and ( 

minute siliceous particles; chips of drillings have rough surfaces 

(due to projecting granules) and not the smooth fractures of 

CE Si ee a Ae ee, SN Be 5 2.400 
Sandstone, yellow; in chips of minute grains of quartz and glau- ’ 

conite and some rounded quartz grains, embedded in dolomitic| | 

matrix or cement; chips crumble easily after digestion in acid; 

drillings contain considerable hard green shale___-_.--._---_------ 2,405 

_ Sandstone, buff, calciferous, glauconiferous; much hard green shale 5 2,410 
Sandstone, buff, calciferous, glauconiferous; much green and red- 

Mpls NAG fos sco a052 4 ap nee Wik Se See edn eet iee 2. SP AES oo See 10 2,420 
Shale, hard, dark green and reddish, fissile; and sandstone, cal- 

ciferous and glauconiferous; in angular chips; grains minute and on yin 





_ The well of Iowa Soap Company has a depth of 509 feet and a 
diameter of 6 inches; casing, 70 feet to rock. The curb is 540 
feet above sea level. The original head was 33.5 feet above 
curb and the head in 1905, 4 feet above curb; the loss was due to 
he sinking of the Clinton-Copeland well. The flow in 1905 was 
) gallons a minute through 114-inch pipe. Temperature 56° F. 
The well was completed in 1904 by R. J. Johnson. 


5) 
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Record of strata in well of Iowa Soap Company at Burlington. 








| Thickness | Depth 








Pleistocene (70 feet thick; top, 540 feet above sea level): Feet a Feet “5 
fy || renee 2 a Se ee ee aS Se iE eee Rhea IS of ye 
TH: “yellows <4-Bamples .c2scJiwon cascade seat newranne ae neeenee bona 35 50 
Gravel, coarse, up to 14 inches diameter_.-i eae 10 60 
Gravel; (line s0- ea eee ee eee ere 10 70 


Carboniferous (Mississippian): 
Kinderhook stage (210 feet thick; top, 470 feet above sea level)— 





Shale, blue, plastic, calcareous; 2 samples_-._--_-----.-----.-.-..-- 58 128 
Shale: olive-gray, fissile: <6, See ee eee eee 7 135 
Shale; ight green-gray ‘222 5o2. oso ee ae oer cee eee 5 140 
Shale, brown, hard, DIGOM INOUE naan inns oo amen ennen ees 15 155 
Shale, blue and green-gray; 4 samplosos 32220. ce acu ecaecoe are 45 200 
Shale, light brown, bituminous) pagel! 210 
Shale, olive bluish and green-gray; 9 samples__--..--_---.---_---..-. 70 280 
Levonian and Silurian (160 feet thick; top, 260 feet above sea level): 
Limestone, gray, soft, argillaceous; effervescence slow; 2 samples__--_. 25 805 
Shale, calcareous, hard, blue; in large flaky chips__--_.--.-.-----_---.- 10 816 
Limestone, hard, gray, in sand; rapid effervescence___-__----------__--.. 10 
Limestone, light yellow; rapid effervescence; in fine sand and argil- 
laceous . powder 2.22202 o a Se ee eee 15 840 
Limestone, yellow-gray; fossiliferous, with fragments of brachiopods; 
softs. in. flaky chipsas. 2222 oes ee eee 10 850 
Limestone, yellow; rapid effervescence; in fine meal; 2 samples__._------ 10 360 
Limestone, strong blue; fossiliferous ; hard, compact; earthy luster, 
siliceous but .not. arenaceous }-2.2225-- 2 ee eee 10 $70 
Shale and limestone in light yellow-gray concreted powder; efferves- 
cence rapid 22.22 See en ee eee 10 
Limestone, blue, dense, hard, in part of lithographic fineness of grain 
and conchoidal fracture; rapid effervescence; in ehips..-. 2232 ee 10 890 
Limestone, compact, gray, in sand; rapid effervescence. cs. eee 5 395 
NO (TeCOrd 2205525 Se ea i ee ee ee eee Sel 5 400 
Limestone, blue-gray, rough; slow ofervesceiiee: some chert ____--....- 10 410 
Limestone, light buff and white, compact, fine- grained; rapid efferves- 
CONCO Ww sec wew ann duster con nen te enense means preteen 10 420 
Limestone, light yellow-gray or white; rapid effervescence; residue quart- 
zose with minute grains and flakes and prismatic crystals of quartz; 
in’ fine meal: 4) samples) sooo Solfo ee or eee 20 440 
Unknown; no samples. soon oe ee ee en ee 69 509 








- The well of George Boeck, at 2-8 North Fifth Street, has a 
depth of 450 feet and a diameter of 5 inches; casing, 74 feet. 
The head is 30 feet above bottom of cellar. The well flowed ‘‘a 
full 5-inch stream,’’ with no decrease in 1905. Water was found 
in white limestone 150 feet below soapstone (Kinderhook) ; 
temperature, 60° F.; effect on boilers, not good. The well was 


completed in 1904 at a cost of $650 by W. N. Jennings, et Bur- 
lington. 


The well of the Clinton-Copeland Company, at 100 South 
Fourth Street, has a depth of 465 feet and a diameter of 5 
inches throughout; casing, to 72 feet. The head originally was 
28 feet above curb, and no change has been noticed. Water is 
said to have begun to overflow when well reached depth of 440 
feet. The temperature, taken after flowing through 175 feet of 
hose, was 59° F. The well was completed in March, 1905, at a 
cost of $675 by J. R. Stanly, of Stronghurst, Illinois. 
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The well of the Moehn Brewing Company has a depth of 510 
feet and a diameter of five inches. The original head was 30 
feet above curb, but the well had ceased to flow in 1905, and the 
capacity under pump was small. Water was found in small 
quantity at 90 feet, but the main supply came from 500 to 510 
feet. The well was completed in 1904 at a cost of about $1,009 
by W. N. Jennings, of Burlington. The water is too heavily 
mineralized for use in boilers or for beer, but is used in cooling 
and for other purposes in the brewery. 

The well of the Murray Iron Works has a depth of 831 feet 
and a diameter of 6 to 4 inches; casing, 120 feet from surface 
into blue shale. The head is 92 feet above curb. The orginal 
flow of 300 gallons a minute had not diminished in 1905. The 
first water was in a gravel just above rock at 75 feet, and the 
first flow at 450 feet; a strong flow came in at 500 feet and the 
drillings were washed away from 600 to 760 feet and from 800 
to 831 feet. The rock from 800 to 832 feet said to be like granular 
sugar. The temperature at tap after water has passed through 
300 feet of pipe in foundry was 63.5° F. The water is too hard 
for use in boiler. The well was completed in 1903 at a cost of 
$1,038 by W. N. Jennings, of Burlington. 

The well of the Sanitary Ice Company, near the intersection 
of Osborn Street and Central Avenue, has a depth of 852 feet 
and a diameter of 5 inches; casing, 95 feet from surface. The 
head was 51 feet above curb, and the flow 500 gallons a minute. 
Water at 80 feet was shut off; water at 430 feet rose nearly to 
the surface; the first flow was at 700 feet, and the water from 
the 800-foot level rose 51 feet above curb. Temperature, 6414° 
F. The water corrodes boilers and is used for condensing. 
The well was completed in 1908 at a cost of $1,600 by Jennings 
& Sons, of Burlington. 

The well of the Sanitary Milk Company has a depth of 487 
feet and a diameter of 6 inches. The original head was 15 feet 
above level of corner of Third and Court Streets, but the head 
in August, 1905, was 31 feet below same level; the head lowered 
on completion of Clinton-Copeland well. The well was, com- 
pleted in January, 1905, at a cost of $700 by W. N. Jennings, of 


, Burlington. 
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The well of Smith & Dalton has a depth of 460 feet and a 
diameter of 5inches. The original head was 30 feet avove curb. 
The original flow was estimated at 40 gallons a minute, but had 
decreased in 1905. Temperature reported as 60° F. Date of 
completion, March, 1905. Drillers, Jennings & Sons of Bur- 
lington. : 


Mediapolis—Mediapolis (population, 858) depends for its 
water on drilled and bored wells from 50 to 110 feet deep, all but 
30 to 40 feet of which are in rock. ‘The water heads 20 to 30 
feet below the curb. 


The well of D. Hutcheroft, two miles east of Mediapolis, has 
a depth of 600 feet and a diameter 5 5-8 inches to 360 feet and 
5 inches to bottom; casing to 360 feet. Water found at depth 
of 40 feet, in drift, was not cased out. Pumping capacity, 8 
gallons per minute. The well was completed in 1905 by J. F. 
Tweedy, of Keokuk. 


Record of strata in Hutchcroft well near Mediapolis. 














| Thickness Depth 

Feet Feet 
Clay, yellow, sandy, calcareous, arenaceous.2. 2 2o22e eee ae eee 75 78 
Shale, drab, or sandstone, argillaceous, in concreted masses__------------ 60 135 
Shale, olive-preen, hard, noncaleareous_-- 24-42. eee eee 213 348 
Limestone, blue-gray, argillaceous, minutely arenaceous_-_---------_---__ 22 37 
Limestone, light gray, nonmagnesian, argillaceous and slightly arenaceous 20 890 
Limestone, light yellow-gray, granular, soft, fossiliferous, nonmagnesian__ 22 412 
Limestone, light blue-gray and white, soft, earthy; in thin flakes___-____ 18 430 
Limestone, blue-gray and white; earthy; in fine chips_---..--_-_-_-_-__--__ 25 455 
Limestone, light yellow-gray and drab, nonmagnesian; cherty_-__----_--- 20 475 

Limestone, light yellow-gray, nonmagnesian; in fine sand; drillings 

slightly: :arenaceous F222 3A ee ee ee eee 25 500 
Shale, dark blue, in chips; caleareous and cherty__--------.-._-_--_---_-_-_- 100 600 





The shale whose base is found at 348 feet is evidently the 
Kinderhook; below it, the drill, as at Burlington, passed through 
about 150 feet of limestones, which may represent the Devonian 
and Silurian. The shale from 500 to 600 feet may be taken as 
the equivalent of the shale (Maquoketa) at Burlington which im- 
mediately succeeds the limestones below the Kinderhook. ‘The 
drill therefore seems to have passed through the water bed which 
supplies the less deep wells at Burlington and yet to have found 
very little water. 









ls is 764 feet above sea level. If an adequate supply 
res through the heavy dry shale of thet Kinderhook, here 


t 200 feet thick, will probably find water in the Devonian 
Uurian. Should the supply still prove insufficient, the drill 


Village supplies in Des Moines County. 

















4 : Depth to | Depth to | Head 
own Nature of supply | Depth roek water bed below curb 
Feet Feet Feet ‘Feet 
Been oe Wels, = 8 ken G24" |r ee 24 10 
-.--..--.-----. Bored and drilled wells-_- LGH12 OS eee 75 12 
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WELL DATA. 


The following table gives data of typical wells in Des Moines 
































county : 
Wells in Des Moines County. 
=k 
p--| 
oO 
2 at 
: F ° ° Remarks: 
Owner Location 4, ~ oe (Logs given in feet) 
~ ~~ ~ a 
eae 
A a) me 
I 

T00 N:., BR. 3 W: Feet | Feet 

(Part of Union). 

Oounty, Inhimsry--\Seou 4s eee eee 2935 | 90 |------------'Rock (limestone) from 20 to 285. 
| where soapstone, with water, 
| was encountered. Main water 

at 190. 
George Barnes ----|4 miles east and 1 22 |___-_- Sand <.---- Light blue clay; sand on top of 
mile north of Au-) blue-black clay at bottom. 
; gusta. Flows. 
8. Cartwright ----\3 mile northwest of 42 |------ .--.do--..|Flow from sand underlying 
: above. | light blue clay. 

Louis: Pieiff 22s NE> 4 pees goes eee 857 190 Miasonee ..--.|Soil, 20; limestone, 80; soap- 

| stone (Kinderhook), 257; little 
water. Midway between river 
bottoms and bluffs. 

T. 69 N., R. 4 W. 

(Augusta). 

Palmer Orton -----|Near Augusta .----- 400 222 Drift; limestone; ‘soapstone’ 
(shale) at 180; ends in soap- 
stone at 400; not enough water 

L. Hill ) |L No atnie ire 

* SORT Y | SoS na ra apa ene 100 | 20 imestone_|No shale. ater at 98. 

Alfred Weg -------- NE. Ere Cis Sma Vig eee Sand and 

gravel. 
10 INS, Ps We 
(Part of  Bur- 
lington). 
———= VW VECC o- =| Sena o) eee eee £18) |104y eocese esees Loam and sand, 164; limestone, 
4; shale, 250. Head, 81 feet 
. above curb. 
William Penrod ---!91 miles northwest! 185 |__-__- Gravel-___- awe 20; fine sand to gravel 
m. 
TP. 7 N., BR. 3 w.| Of Burlington. at botto 
(Flint River). 

James Graham ----|nw, 3 sec. 28.______. 15971 see Gravel-.--_.No yellow or blue clay; all dirt 

and gravel; white soapstone 
: at bottom. . 

John Sellers --------|ny, 4 sec, 33_-.----- Se uieeoeee Sand --..-./Yellow clay; white clay; blue 
aay to sand or rock at bot- 
om. 

Joseph Saters ~--..|SW. 3 sec. 31--.----.| 140 |_----- Gravel..---|Yellow clay, 40; blue clay to 
gravel at bottom. 

T. 70N., R. 4 W. 

(Danville). 

Thomas Grant ----)/NE.-3 sec. 8.-------.| 305 | 800 | Rock ---..- Yellow clay; white clay; blue 
clay with sand at 150 feet. 

— Hurlburt ------ 1a ae south of| 185 \-..-.. Sand -..-_-|Largely blue till. 

anville. 
Mrs. Allen -....--- 13 miles west ot] 227 |_-... Sand and|Yellow clay, 54; light blue clay, 
Middleton. gravel. 12; ——, 111; dark blue clay. 


48; sand and gravel on rock, 2. 
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Wells in Des Moines County—Concluded. 











Owner Location 


Depth to rock 
supply 


Source of 


Remarks: 
(Logs given in feet) 





miles west of Dan- 
ville. 


—- Hunter ----_...|2 


Fair Ground ---...-|/West Burlington._._. 


T. 71_N., R. 2 W. 
(Benton). 


ee ee we wn ee ee 


. BCS RCW Way cas oo cee 
Fred Kaster -..-----|Sec. 33 


Taw N., R. 4 W. 
(Pleasant Grove). 
Anton, Povemeir _.._|Sec. 19 .-...._-...... 


John Shepherd -----/SW. 3 sec. 34 


iawenN., Bb. 8 W. 
(Franklin). 


—- Brady Near Sperry...) 


ieoN., ms. 2 W. 
(Parts of Yellow 
Spring and Hu- 
ron). 

eee awe eee (SEC, 4 . a. 


Seeeeeeeweaaawme——=--(SCC, 10 ~.....-....... 


-=-—---------—-------/See, 20 1 --_u-_e 


anna=-----------------|See, 27 ~_--...-.----. 


Mediapolis ~...-.--.. 


ww en ee en wn = 


W. J. Oumings___-|Linton 


Tao N., Bb. 4 W. 
(Washington). 


William Steiter ..--|Yarmouth 


#. Smith ~---_-_--.-|1 mile south of Yar- 
mouth. 


Moot. Evans... Ve miles south of 
te) ‘ 
J. Mehmken aa 





45 


250 


50 


400 


180 


98 
24 


Feet 
66 |Limestone_ 


20 |Limestone_ 





gravel 








Limestone- 





SET 6 (9 pc ee 


pa etd (eigen 


Sand 22-2... 


. 


55 
20 





Sand 2.22) 


See GOmees 


Limestone_ 


Head, 20 feet below curb. Yel- 
low clay, 42; light blue clay, 
12; sand with water, 2; dark 
blue clay, 10; rock, 99. Water 
from upper sand heads at —5 
feet. 

Water in crevice. 


Sand and mud; sand, fine, dark. 
No water. Bones found at 188. 
Loam; sand; black mud; sand; 
wood and coal; old soil; mus- 


| sel shells at 257; blue till, 20, 


overlying sand bed at bottom. 


Yellow till (Illinoian), 30; blue 


till (Illinoian), 10; reddish 
brown till (Kansan), 12; blue 
till with thin beds of sand 
(Kansan and Nebraskan), 224. 

Well in valley; yields 2 to 3 gal- 
lons per minute; diameter, 4 
inches. Head, 5 feet above 
curb. 


No hard rock struck, but per- 
haps entered Kinderhook in 
lower part. 


Largely yellow till. 


Limestone from 40 to bottom 
where shale was struck. 

Diameter, 5 inches; yield, 5 gal- 
lons per minute; main water at 
55; water at 23. 

Other wells find black mucky soil 
under the loess. 


Soil and loam, 4; yellow till (Ili- 
noian), 20; gray till(I]linoian), 
10; peat bed, twigs, and 
bones, 15; gray sandy clay 
with wood, 12; fine sand, 16; 
yellow sandy till (Kansan),33. 

Yellow till becoming gray below 
(Illinoian), 36; sand with thin 
bed of blue clay and of ce- 
mented gravel, 73; black muck 
with wood, 6; sand and 
gravel, 8; gray pebbleless silt, 
15; blue till (Kansan), 42. 

Head, 30 feet below curb. 


35 feet below railway station. 
Yield, 8 gallons per minute. 





Heads 5 feet above curb. 





41 
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HENRY COUNTY 


BY W. H, NORTON, 


TOPOGRAPHY. 


Henry county lies almost wholly on the Kansan drift plain of 
southeastern Iowa. This upland, which originally was a nearly 
level surface, retains its original features over much of the north- 
ern and central portions of the county, where the drainage is 
still imperfectly developed and the tabular divides present the 
appearance of level plains, scored only by shallow swales of 
little-concentrated wash. In the southern townships the deep- 
eut valleys of Skunk river, Cedar creek, and Big creek permit a 
much greater dissection of the adjacent uplands, and here the 
interstream areas are cut to a maze of ridges with narrow level 
erests whose even sky line marks the common level of the an- 
cient upland plain. 

The southeastern townships, Baltimore and New London, are 
ridged with the low long swell of the terminal moraine, which 
marks the limit to which the Ilinoian ice here invaded Jowa from 
the east. 

. A wide channel excavated in the Kansas drift by glacial wat- 
ers les along the northern border of the county and turning 
abruptly south follows the west county line, along which it has 
been occupied and deepened by the waters of Skunk river and 
Cedar creek, passing thence through Lee county by Grand 
Valley and the valley of Sugar creek to the Mississippi. Both 
Cedar creek and Skunk river are bordered by wide flood plains 
where they hold to this ancient channel, the entire width of the 
Skunk river bottoms here ranging from three-fourths to 114 
miles. Over the remainder of their courses these two streams, 
like the others of the county, flow through comparatively nar- 
row valleys destitute of any flood plains of sufficient width to be 
of importance in this investigation. 


=: 
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GEOLOGY, 


The Nebraskan drift, the lowest and earliest drift in Henry 
county, is not exposed so far as known, but at different places 
wells encounter it as a dark blue stony clay, or till, resting on 
bedrock or separated from it by thin inconstant streaks of sand 
and gravel. The upper stony clay, the Kansan, is parted from 
the Nebraskan by sheets of sand and gravel or by old soils, peat, 
and forest beds (Aftonian interglacial deposits). The Kansan 
drift includes over nearly all the county both the yellow till 
immediately underlying the loess and the unweathered blue till 
from which the yellow till has been derived by long leaching and 
oxidation. On and east of the north-south ridge passing through 
New London and recognized as a terminal moraine a third till 
appears, the yellow stony clay of the Illinoian. 


Over the entire county, except the river flood plains, has been 
spread the thin mantle of the loess, a friable siliceous silt. In 
color the loess is gray on the level prairies where overlain with 
deep humus, but yellow on hill slopes or where it attains some 
thickness. 


The bedrock of Henry county, with the exception of small and 
negligible outliers of Pennsylvanian shales and sandstones, be- 


- longs to the Mississippian series. (See Pl. XIII.) Immediately 


beneath the drift the driller finds from 60 to 100 feet of lime- 
stones, sandstones, and shales belonging to the Saint Louis lime- 
stone. The succession from above downward is light gray lime- 
stones, variable beds of sandstones, shales, broken or brecciated 
limestones, and massive impure magnesian limestones. Below 
these lies the Osage stage, the uppermost formation of which, as 
exposed in the county, is the Keokuk limestone, consisting of 
geode-bearing limy shales 30 feet thick, underlain by about 25 
feet of limestone interleaved with bands of bluish shale. No 


lower rocks than the Keokuk are exposed within the county, but 


the drill of the well driller has explored to some depth the under- 
lying formations of the Mississippian. Beneath the Keokuk lies 
the white Burlington limestone, composed in part of crinoidal 
remains and seamed by water-bearing porous beds and crevices. 
The deeper wells pass through the Burlington and reach the 
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heavy shale of the Kinderhook, which forms the base of the 
Mississippian series. 


UNDERGROUND WATER. 
SOURCES. 


The flood plains of Skunk river and its larger tributaries, such 
as Cedar creek, afford abundant water to shallow wells from 
stream-laid sands and gravels. In Skunk valley above Rome 
the alluvium is of agricultural importance owing to the breadth 
of the flood plains. In the narrower valley below Rome it is 
important chiefly for supplying towns and villages. Thus the 
village of Lowell obtains water from open and driven wells in 
the alluvium, although the rock bottom of the narrow valley is 
reached at from 20 to 30 feet from the surface, the water being 
found in a sheet said to be two feet deep on the rock. 

On the flat divides ground water stands high, and collecting 
in the porous silts at the base of the loess and in the reddish 
sands and gravels which occur in seams and lenses in the Kan- 
san till, usually affords a supply to shallow, open, bored and 
driven wells. Larger and more permanent supplies are drawn 
from the sands overlying the Nebraskan drift and those which 
part it from bedrock. 

From these strata most of the wells in the county are sup- 
plied. In places the lower drift sources lie deep below the sur- 
face. Wells in sections 1 and 11 of Marion township pierced the 
drift to depths of 190 and 250 feet without reaching either bed- 
rock or the sands and gravels which overlie it, indicating a chan- 
nel cut in deep rock by some pregiacial river and afterwards 
filled with drift; the course of this buried valley is, however, en- 
tirely uncertain. 

Even on the wider tabular divides the drill or auger may find 
the water-bearing drift sands absent or too thin to convey 
enough water for stock wells, and the well must then be sunk 
into solid rock. Bed-rock must also be probed where the drift 
is thin, and where, owing to the dissection of the region by the 
streams, ground water readily drains out to the lowest levels. 


The sandy layers of the Saint Louis limestone and also the strata 
between its shale beds form water beds of value. The chief 
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source, however, is the white porous and creviced Burlington 
limestone of the Osage stage. Drillers report that the main 
water bed is a white porous and spongy but hard limestone sep- 
arated from the Kinderhook below by some twenty feet of blue- 
gray limestone. The Kinderhook no doubt acts as an impervious 
floor on which water accumulates in the overlying strata where 
porous or in passages opened up by solution. 

At Mount Pleasant the Kinderhook was found a little less 
than 250 feet below the surface and was about 300 feet thick. 
On reaching this dry shale drilling should stop for all ordinary 
farm wells. 


CITY AND VILLAGE SUPPLIES. 


Mount Pleasant.—The succession at Mount Pleasant (popula- 
tion, 3,874) is shown by the following records of the wells drilled 
for the State Hospital for the Insane (Pl. XIII, p. 626.): 

Well No. 1 has a depth of 1,125 feet. The curb is about 719 feet 
above sea level, and the head 30 feet below curb. The tested 
capacity is 165 gallons a minute, the water coming from 990 
feet. Temperature, 62° F. Date of completion, 1862. The well 
was abandoned years ago because the water was so corrosive 
that it destroyed a battery of boilers and all the steam radiators 
of the institution. 


Driller’s log of well No. 1, Iowa Hospital for Insane. 




















Thick 

ness | Depth 

Feet Feet 
Tennent nn cescucw ns enasdpebanaistonessdcucusdnsansessncacowanane 295 295 
Shales, ect, OSES TETY SEW a) ga Nig Haat Spa Ea a Rt ar Sil ce 300 595 
Limestone eet ae a eee ete ne ere aoe meenda un ab ecwsneckamaniae 295 890 
No Saspiee ee i ep eo ae a ES) eee ae 100 
ren cca ob bee ace naanmn edn ccanesascentoecsuacoens 185 1,125 





Well No. 2 has a depth of 1,267 feet and a diameter of 12 
inches to 123 feet, 10 inches to 723 feet, and 6 inches to bot- 
tom; casing, 12 inches, 123 feet to rock, 10 inches to 733 feet, 6 
inches to 1,153 feet; packing ring at junction of 10-inch and 
6-inch casing. The curb is about 719 feet above sea level, and 
the head 70 feet below curb. Pumping capacity, 70 gallons a 
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minute. The well was completed in 1898 by L. Wilson & Com- 
pany of Chicago. From it 40,000 to 50,000 gallons a day are now 
pumped without exhausting its supply. 

Well No. 3 has a depth of 1,203 feet and a diameter of 12 to 6 
inches; casing, 71 feet of 12-inch, 610 feet of 9-inch, 635 feet of 
6-inch. The head is 71 feet below curb and the tested capacity 
70 gallons a minute. The water comes from 250 feet and is 
very good for drinking but destructive to boilers; other water- 
bearing strata were not recorded. The yield is 70 gallons per 
minute. Date of completion, 1903; cost, $4,700. From this wel] 
120,000 gallons a day are now ened Except for boiler wa- 
ter, which is supplied from a reservoir, the entire institution is 
supplied by wells Nos. 2 and 3. 


Driller's log of well No. 3, Iowa Hospital for Insane. 













































Thick- 

ness | Depth 

Feet | Feet 
Soil, clay, and some «sand ...-..i_2..02.2 2 ee eee 
Slate onan nncddceceen codes ee ee ee eee 7 75 
Limestone .2-2-.c0. iu} eee eee 29 104 
Slate 2222-1 den cele kt te Pe ee ee eee 4 108 
Limestone (6 inches of slate at 125 feet)! 2122 ee ee ee eee 107 215 
Slate 10 225 
Limestone ; 20 245 
Slate 3 605 
Rock (“Trenton”) 2.3328 eS ee eee eee Lt 1,116 
Rock (Saint Peter). £...2.2)_-24. 2 ee eee 87 1,203 

Record of strata in well No. 8, Iowa Hospital for Insane. 

Thick- 

ness | Depth 

Feet 


Pleistocene (68 feet thick; top, 719 feet above sea level): , , 
Drift,. mo sample, _..-s2t esa ee ee ee 68 
Carboniferous (Mississippian): 
Saint Louis limestone and Osage stage (182 feet thick; top 651 feet above sea 





level) — 
Shale, light blue, caleareous —--..------ ee 4 
Limestone, yellow; drillings chiefly foreign “gand.... 2003 5) 5 
Limestone, light blue, highly argillaceous; rather hard in chips_----------- 10 
Chert, white; much sand in -drillings® 22-2.o-- 223 eee 10 
INO “TOCOTG yo 5 ose ieee i ss a to ee 4 
Shale, blue, plastic, caleareous....2-= 2S SS eee 4 
WO TeCOlfG) 225 22k e fee Le a ee 2 
Limestone, light gray, nonmagnesian, soft, earthy----------..------------_- 4 
Limestone, as above; also bluish gray, highly calcareous shale and con- 
giderable, dark fiint =...) ee eee ee eee 4 
Limestone, mottled dark gray and white, crystalline, encrinital; residue 
arenaceous and cherty; some white chert; 3 samples____..--_------_-..-.-} 22 
Chert, light blue cherty limestone, and light blue shale __--_-.__---_-______ 10 
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Thieck- 
ness | Depth 
oo a CC Oo he re i a aie eee 10 160 
, Limestone, light yellow and white; encrinital, earthy to crystalline; some 
2 SARI ee eee eee en 40 200 
Beumeawente, some cherty limestone —..--- ~-.--...2-----~..--<i.0<--.---4----- 10 210 
Chert, white; includes chips of dense, subtranslucent opaque-white and 
blue-white cryptocrystalline silica with conchoidal fracture; also irreg- 
larly shaped cuttings of a dull white, earthy chert, or less friable lime- 
SEE SERY CHOW QLAV Ga. eee = ele ee eae Joe et 5 215 
EE LE SVC ONT=OTOLY ee sy kg 8 eee ececbeenoeue 5 215 
Reenneriien s Oe); no, sample ¢..2) 2-2. 5 225 
Dolomite, blue-grav, rather hard, suberystalline, vesicular___-___---_-.-_- 5 230 
Limestone, magnesian; moderately rapid effervescence, drab, earthy-------- 20 250 
Kinderhook stage (3€0 feet thick; top, 469 feet above sea level)— 
Shale, blue, hard; highly siliceous with minute quartzose particles; calcar- 
; A UE ee Use ee eS ee eee ee 20 270 
7 Sandstone, blue, fine-grained, argillaceous and somewhat calciferous, com- 
: posed of minute angular particles of quartz in chips; 4 samples__---_____- 40 310 
; ITER OUCH TOUS feet ee) ed re Se oe Bote oe ne aenonoe 10 820 
Shale, blue, and sandstone, argillaceous; thinly Jaminated; 2 samples___-__ 20 340 
MIG MCAICHTCOUS: 7 SaIMNDICR o.oo ee eae 70 410 
Shale, blue, and sandstone, yellow-gray; grains up to 1 millimeter in di- ( 
Bee RECUTIS COTTON Le re eo ok ns cee 10 420 
Shale, blue and gray; 2 samples E £0 440 
Shale, olive-gray; yellow and reddish chert in coarse sand, perhaps foreign 10 450 
4 ES CSET gd i ea Sie a Se ot a ee nn ere See 160 610 
Devonian and Silurian (210 feet thick; 109 feet above sea level): : 
: Limestone, crystalline, buff and gray; rapid effervescence; in fine sand; 3 
I eS ye See ee a oe un ee bean Se Soe emo 30 640 
Limestone, blue, argillaceous, soft, highly fossiliferous; rapid effervescence; 
GS) SEL SSS eS a a oe ee en eee 10 650 
‘A Limestone, yellow-gray and blue-gray; rapid effervescence; in sand__-_-----___- 10 660 
‘ Limestone, light blue-gray, dense, fine-grained, laminated; in flaky chips; fos- 
siliferous, containing fragments of ecrinoid stems and small brachiopods; ¢ 
i a so eR a eee a ee ne eee 80 690 
Limestone, white, fine-grained, rather hard, and blue-gray with some shale_-_- 10 700 
Limestone, light yellow-gray, nonmagnesian; in fine sand; 2 samples_____----- 30 730 
; Anhydrite; some siliceous gray limestone in powder, and snow-white granules 
easily friable to crystalline powder; some anhydrite in chips of pure mineral; 
hae a a a a See oa tee ee een 20 750 
ae Limestone, drab, nonmagnesian; a few chips of anhydrite and of anhydrite 
: ee es See ee ee ee sae a cen ee on ee 10 760 
4 Anhydrite, white, and limestone, drab; in meal and powder --------------_--- 10 770 
Limestone, gray, nonmagnesian; some anhydrite; in meal; 2 samples_____--~-_- 20 790 
y Anhydrite and gypsum, white, and shale, dark drab, hard, noncalcareous, 
‘ie Seaesiiceous;. all in chips and sand; 3’ samples .....---....--....--.-.-------.- 30 820 
Ordovician: ; 
Maquoketa shale (40 feet thick; top 101 feet below sea level)— 
. Shale, blue, hard, siliceous, slightly caleareous; some minute grains of 
; PP MBOnOMatts: 2 SAINDICA: 2.5 oon sso ae a o-oo nee 20 840 
pele wight blue, hard, calcareous; 2 samples._..--..+-....-----._.--..-__-.- 20 860 
Galena ae and Platteville limestone (256 feet thick; top, 141 feet below 
sea level)— 
Dolomite, mostly in buff, fine crystalline sand; 25 samples_-------_-------.. 240 1,100 
SAMPLES FROM WELL NO. 2.4 os 
Saint Peter sandstone (136 feet thick; top, 397 feet below sea level)— 
Sandstone, white, fine-grained; grains about 0.3 millimeter in diameter_-_- 20 1,120 











@ Samples of the drillings of this well were shipped in open wooden trays and became much 
mixed. The compartments of the trays were marked as Saint Peter from 1,120 to 1,250, and all 


1,267 show chiefly ‘sand of dolomite. 





. 
. 


of these contained quartz sand of Saint Peter facies; some contained green shale and brown 
bituminous shale, assumed to be foreign and perhaps Platteville. Samples marked 1,250 to 
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Minor supplies—tInformation concerning local village water 
supplies is presented in the following table: 


Village supplies in Henry County. 

















Depth of wells = Bead beer 

a | 25. 
Town Nature of supply ° a ee re 
g § | 34 | 22 lea lias 
e |. | 8 | 88 ieeemeeueee 
es | ao | 8 | A™ slog) ee 
Feet | Feet | Feet | Feet Feet | Feet | Feet 
Hillsboro ----- Bored and drilled wells ...-...---.. 15 | 150 85 60 | 40-100 |_-...; — 30 
OWE) eacson Open and driven wells........__...._ 15 85 25 25 25 |— 18 | — 28 
Mount Union-/Open, bored and drilled wells_--.--.-| 20 |--.---| 382 70 30 |-.--| — 20 
New London-_-|Open and drilled wells.---.......-.-_| 15] 800 25 |100-200 |...-----|----..| —100 
Ata [SS SE Bored) wells wactacck- ano. cuceeee eee I64\ceeeoe 25.) eae 25 |.-.-| — 5 
BHC) json Wells 2255 ee cen ane eee eee 28 | 300 85 85 40 | —20 |_-- 
Swedesburg --| Dug, bored. and drilled wells.___._.| 40} 200 100 60 200 | —20 | — 20 
Winfield ~----- ‘Drilled and bored wells .---.--.._| 380] 100 40 0 “Woes cues —30 | — 30 

WELL DATA, 


The following table gives data of typical wells in Henry 
county : 


Typical wells in Henry County. 








5 | | 
nd 4 
o 
3 ne e 
ap ee 3 3 | Remarks: (1 
7 ° = : 
Owner Location eats ohm le given (i feet) 
r= a q o', 3.2 
| = S hei 52 oH 
v =] o,5 
| Qa A A n se 








T, 70 N., R. 6 W. 


(Jackson). 
Feet | Feet | Feet Fee 

John Abraham .../SW. 3 NW. 3 sec.| 290 80 |180-200 |Limestone-_| ----|First rise above 

24, Skunk river. Drift, 
80; limestone, 55; 
shale, 35; lime- 
stone, 70; shale, 
20; limestone, 25; 
shale, 5 (Kinder- 


hook?). 
Beek with 2.22225. - |Se0.019 ene cde 200 80 270 |.-.. do ----| 40 |Drift, 80; limestone, 
60; shale, 35; lime- 
stone, 115; shale. 
Pumping 15 gal- 
lons per minute 
reduces water level 
to 140 below sur- 











PSC TLENi ee OW. face. 
(New London). 
Greenlee: e222 New London ------ 185 ooo 182 i8and soon meee 8-foot sand bed at 


100, weak water; 
another at 110, 
some water: third 

at 182, yields 2 - 
gallons per minute. 





i 
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Typical wells in Henry County—Concluded. 
































Head below 


Remarks: (logs 
given in feet) 





woe 


30 


80 


ia] 
“4 3 
2 | & o 
Owner Location S 2 : b 
ee Be 28 
a Q 2,2 bm =) 
o o oQ oa 
A A QA mM 
Feet | Feet {| Feet 
Andrew Johnson-.--|14 miles south of bls baie Se OR Sil ae || eee 
New London. 
John Shipley .-.----|New London-----.-| 220 | 200 |-------- ROCK 2osta5 
ue Fis : ; i 
ippecanoe). 
F, McNeely -------- S. 4% sec. 16.....| 270 60 |_....---| Limestone. 
Thos. Campbell] ...|E. 4% sec. 26-.-.-..| 190 | 35 |... etre 10 nee 
Toe N., Bb. 5 W. 
(Canaan). 
John A. Wicks_---/SE. 4 sec. 15_----- 224 80 204 |White por- 
ous lime- 
T. 72 N., R. 6 W. stone. 
(Marion). 
August Wicks -—--|SE. % sec. 28.---..-| 100 | 14 |-------- Limestone. 
* 
eee ann aan Bina ROC eu l 1 OO ease Looe SAEED Sees 
Rebs tie st eo c ere SOON eee a| aan eereem pe See eae tI 
eedeaNs, kes 7 W. 
(Trenton). 
Osear Fitch --.-.-..|NE. 2 sec. 20...... 260 | 150 |240-260 |Limestone- 
De ioN., Bb. 6 W. 
(Wayne). 
HeeeTiO ee CHE GaN OL) POO) |2cnenn|oacece einen wanes eres 
Swedesburg. 
ie igeN., we. & W.| _ 
(Scott). 
a Winholdue Ofue LE Ait-@e leo ue Llosiot apes eee acne ay soon 
ground 
a, england .---... 8% miles east of] 110 {| 100 |------_-|Sand —-.-.. 
Winfield. 
—— Lehart -.__.-_- 8" miles northwest) 200 ||-2...|---.-..-|-... do 
of New London. 
Pommelasnmitt —.-|_.. do ---....---..| 120 | 105 |.----... Rock 22... 
muons, i. 7 W. 
(Salem). 
SaieM) ye ewan Sell ee OA 2k |e San 
227i N., R. 6 W. 
(Center). 
Chas. Leedham ----|44 miles southeast] 70 | 69 |--------|---------—- 
of Mount Pleas- 
ant. | 


Loess, 6; yellow till, 
20; sand, 8; blue 
till, 12; peat and 
wood, 4; gray 
gummy clay witb 
few pebbles, 10. 


Rock all limestone 
except some shale; 
flinty rock below 
the shale. 

Upland drift, 85; 
limestone, 55; lime- 
stone alternating 
with shale, 100; 
Iimestone cherty. 


Drift, 80; limestone, 
85; shale, 25; lime- 
stone, 84, 


Drift, 14; limestone, 
7; blue shale, 25; 
limestone with 
water in crevice, 
54. 

All in drift, well fail- 
ure, struck bowl- 
der at 190 feet and 
hare hole abandon- 
ed; black cement 
clay, 160 to 190. 

All in drift;’ aban- 
doned. 





Drift clays, etc., 145; 
dry blue sand, 5; 


blue limestone, 20; 
shale, 25; gray 
limestone, white 


toward bottom, 65. 
Lower 50 feet blue 
till. 


Loess and yellow till, 
40; hard blue till, 
30; gravel, 30; hard 
blue till, 15; white 
sandstone, 3; shale, 
4; cherty limestone 
at bottom. 

Sand on rock 60 feet 
thick. 

Drift clay, 30; sand, 
170. 


Yellow clay, 35; light 
blue clay, 15; sand, 
1; blue-black clay, 
2% 





.|Yellow clay; blue 
clay; rock at bot- 
tom; water on 
rock. 
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JEFFERSON COUNTY 


BY W. H. NORTON. 





TOPOGRAPHY. 


The surface of Jefferson county is a plain of ancient drift 
dissected by streams from 50 to 150 feet below a once level sur- 
face, remnants of which remain throughout the county in tab- 
ular divides whose flat surfaces have been estimated to con- 
stitute about one-fourth or one-fifth of the entire area. These 
remnants are naturally widest along the main divide between 
the two master streams, Skunk river and Cedar creek, where 
they form a featureless prairie plain extending diagonally 
across the county from northwest to southeast. Before the set- 
tlement of the country wet-weather marshes and shallow ponds 
occupied slight original depressions, but these, for the most 
part, have disappeared with the lowering of ground-water level 
consequent on sod cultivation. 

Near the larger streams the country is deeply ravined, and 
here, as throughout southeastern Iowa, the intimately dissected 
areas are known as ‘‘breaks.’’ 

The maturely developed valley of Skunk river affords bot- 
‘tom lands more than a mile in average width. The flood plain 
of Cedar creek varies in width from a mile where cut in easily 
eroded glacial drift and one-half or one-fourth mile where cut in 
the shales of the Pennsylvanian and to a narrow gorge bear- 
ing all the marks of youth where the valley is incised in the 
more resistent limestones of the Mississippian. 


GEOLOGY, 


Beneath the dark soil or later humus of the surface lies a 
mantle of fine yellow silt—the loess—which on the uplands has 
a thickness of 12 to 15 feet or more. On the slopes it is some- 
what thinner, owing to rain wash. 
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The loess rests on the Kansan drift, which is normally a blue 
stony clay, but which has been changed, under the oxidizing 
influence of long weathering, to yellow, and is known to drill- 
ers as ‘‘true red hardpan.’’ The upper surface of the Kansan 
may be modified to a sticky nonecalcareous clay—the gumbo— 
through which water can not pass, or in places may consist of 
pervious sands. 

Beneath the Kansan, and separated from it in places by lay- 
ers of sand and gravel (Aftonian), is a lower stony clay, the 
Nebraskan drift, a tough dark bluish deposit, which is rather 
diffieult to drill and which generally contains splinters and bits 
of wood and fragments of coal. 

Over most of Jefferson county the rock beneath the drift 
_ sheets belongs to the Pennsylvanian series (Coal Measures) 
of the Carboniferous, and consists of a variable succession of 
shales and sandstones, with an occasional thin bed of limestone 
and some seams of coal. (See Pls. X, XIII, pp. 448, 626.) The 
thickness of these strata ranges from a few feet to 150 feet and 
attains its maximum in the southwestern part of the county. 
In the northeastern part of the county, in Walnut and in parts 
of Penn townships, the Coal Measures have been stripped off 
by the tributaries of Skunk river, and the underlying Saint 
Louis limestone of the Mississippian series is exposed to view. 
The total exposed thickness of the Saint Louis amounts to 
eighty feet. 

Beneath the Saint Louis limestone lies the Osage stage, 
thirty feet or more thick. The most easily recognized of the 
different beds of the Osage are the basal white limestone and 
the overlying flinty cherts (Montrose Chert), both of which 
belong to the Burlington limestone. _ 

The Osage rests on shales of the Kinderhook stage, here 
about 150 feet thick. The rock formations of the area below 
the Kinderhook have not been penetrated by the drill within 
the county. 
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UNDERGROUND WATER. 
SOURCE. 


On the bottom lands of Skunk river and of its larger branches 
river-laid sands and gravels, saturated with water, are encoun- 
tered near the surface. On these open wells and driven wells 
here suffice, and in places plenty of water is obtained within 
ten to twenty feet of the surface. 

Water in greater or less quantity is obtained at the hase of 
the loess, in the yellow Kansan drift, especially near its base, 
and in or at the base of the Nebraskan drift. 

On the level ill-drained uplands, where the run-off is small 
and much of the storm water is either evaporated or sinks to 
feed the stores of water underground, the base of the loess silt 
is in many places saturated, and under favorable conditions 
water may still be obtained by wells of moderate capacity at 
depths of twenty-five feet or less. These conditions obtain 
especially in Polk and the west half of Black Hawk townships. 
On the tabular divides, where the loess is dry, water may in 
many places be found by the well borer in the less clayey por- 
tions of the Kansan drift, especially at or near its base. In 
Fairfield and Locust Grove townships, along the flat divide ex- 
tending northwest from the town of Fairfield, a large number 
of wells find water above the blue stony clay within forty feet 
.of the surface. In the town of Fairfield many house wells do 
not exceed thirty feet in depth, but the well borer can not 
depend on striking water at this depth. Here, as elsewhere in 
the county, the ground-water surface has gradually lowered 
and shallow wells must now be bored ten to fifteen feet deeper 
than was necessary in the early history of the town. On the 
level prairies, where fifteen years ago water could almost uni- 
versally be obtained with a forty-foot auger, it must now be 
sought at deeper horizons. On the breaks or belts of dissected 
country along the streamways shallow wells have quite gen- 
erally failed. Well borers lose an increasing number of holes, 
and the driller who is able to carry his quest for water into 
solid rock has an ever-increasing advantage. 
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Water-bearing sands and gravels are encountered in the yel- 
low Kansan drift. The sand may be but a pocket, in which case 
it is easily pumped out, or it may be a seam or bed sufficiently 
thick and extensive to supply a good stock well. No layer of 
sand and gravel within the blue stony clay is marked enough 
to impress the memories of well makers, though the water- 
bearing sands resting on bedrock at its base are often men- 
tioned. In the west half of Penn township and in the north- 
eastern part of Des Moines township, water is found beneath 
the blue stony clay at about 100 feet from the surface. Two 
wells drilled in the town of Fairfield are said to have found 
abundant water in fine sand lying on bedrock at a depth of 195 
feet but were abandoned as the sand could not be screened 
out. In general, however, the sands beneath the Nebraskan drift 
are not reliable in the county. _ 

The Pennsylvanian series is extremely variable in character. 
Beds of sandstone thin out rapidy and may be replaced by 
shales. The succession of strata in one township or even in one 
section may not be maintained in the one adjacent. For these 
reasons each well drilled in the Coal Measures is largely experi- 
mental, and the experience derived from other wells serves only 
as a general guide indicating probabilities. In places the Penn- 
sylvanian contains considerable bodies of sandstone and sup- 
plies a soft but often highly mineralized and usually sulphurous 
water. 

In many of the rock wells of the county it has been necessary 
to go through the Coal Measures to the water-bearing limestones 
and interstratified sandy beds composing the Saint Louis lime- 
stone. The distance to which the drill must go to reach these 
beds in any locality is difficult to foretell. The overlying Coal 
Measures vary greatly in thickness, for they were laid on the 
deeply eroded surface of the Saint Louis limestone and have 
also an uneven eroded upper surface of their own, now deeply 

buried beneath the drift. 

In some part of every township except Fairfield and Locust 
Grove the Pennsylvanian has been entirely swept away, usually 
along the streamways; in Walnut township it is found only over 
about six square miles in the southwestern and northwestern 
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parts. The following township data from Udden,* giving the 
average thickness of the Coal Measures in each township may 
be of some help to drillers if it is remembered that in any sec- 
tion their thickness may be several times that given, or, again, 
may be much less than the average stated for the township. 


Thickness of Pennsylvanian rocks in Jefferson County townships. 


PORES fe. ob 55, valsitoeesateteer es 20 (Penn... . sc «oo «= 01s neta eee 30 

LOcustirGrovel .\o.ck sfcccke sree Oe otote 80 | Buchanan .)..... 205% ce etre serene 20: 

WespMOINES.©.. si; ciajaye ys ehelers Glad artnet 50 |) Cedar: i: ss. 5 clewccle cruveleter nena 20 

Black, Hawk . <-sstess cases «10 hates 15 |} Walnut. ... 5... casi clatter 10 

IUATT AGI) *s-..5 x ceiecatejetstetortet ete neatete 75 | Lockridge ... <0. .< siete eee 40 

THI DELLY” 4% .ve.c sion’ acres Om eretenter eateries 50 | Round’ Prairie® -7.7.e2 ee eee 20 
SPRINGS. 


Few noteworthy springs are reported from the county. In 
the southwest corner of section 1, Walnut township, a number 
of springs emerge from glacial or preglacial gravels resting on 
bedrock. Large springs are said to occur near Merrimac on 
Skunk river. Near Perlee in Penn township some sulphur 
springs, rising from the Coal Measures, yield 5 to 10 gallons 
per minute. 


CITY AND VILLAGE SUPPLIES. 


Fairfield—tThe city supply of Fairfield (population, 4,970) is 
drawn from ponds and is not satisfactory. The distribution is 
both direct and from standpipe, the domestic pressure being 24 
pounds and the fire pressure 140 pounds. There are 15 miles of 
mains, 55 fire hydrants, and 440 taps. The daily consumption 
is estimated at 250,000 gallons. 

In forecast of artesian possibilities it may be said that the 
shales of the Kinderhook stage should be found about 350 feet 
from the surface. Any highly mineralized water found in con- 
nection with them should be carefully cased out, although it may 
be potable. The thickness of these heavy shales is variable and 
ean not be forecast with any certainty, but it probably will not 


4Ann. Rept. Iowa Geol. Survey. vol. 12, p. 414. 
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exceed 200 feet. The Devonian limestones and shales below the © 
Kinderhook may contain water, and water will in all probability 
be found in the underlying Silurian limestones and sandstones. 
Before leaving the Silurian strata the water of the well should 
be analyzed, as the Silurian may include beds of gypsum which 
may have added a large lime sulphate content to the water. 
Should such beds of gypsum or anhydrite be disclosed, it would 
be well to case out all Silurian waters. The Maquoketa shale 
should next be reached, lying within 950 feet of the surface. 

Water will. be found probably in the Galena and Platteville 
limestones, underlying the Maquoketa, and its quality should 
also be tested by analysis. The Saint Peter sandstone should 
be reached within 1,260 to 1,350 feet of the surface and should 
contain a liberal supply of water. If the supply should fall 
short of the probable needs of the city, the well may be sunk 
several hundred feet deeper to a depth of at least 2,000 feet, 
- in order to obtain more water. 

The water in such a well will probably stand about 100 feet 
below the curb. Its quality will depend largely on the care 
with which the upper waters of the Mississippian and Silurian 
formations are cased out, and would probably be improved by 
going deeper than the Saint Peter sandstone. 


Minor villages.—Information concerning the water supplies 
of other towns and villages is presented in the following table: 


Town and village supplies in Jefferson County. 























Depth of Head 

wells = |below curb 
: Siase | & 
Town Nature of supply : eh, ae Sa] oa 
£ | o| 88 | BE| 22] 82 
fey a ar tae la | a® 
Feet | Feet | Feet | Feet | Feet | Feet 
Dt a VEGANS, oes CIE ck Sree Ue wie TEE SAE, 25 Ti) ee Le 

Mounty Wine, —......- Open, bored and drilled wells._--__ TD SOON aeons see ie Dee [eee 
Germanville .i--_..... Wells and cisterns....-----.-L_-_.._. 25 | 250 TOO Eero= hie | eee 
VOD: a Bored and drilled wells_.....--.----- OO LSO terse te ees Ys eee 
eckridge: <2 2... -__ Gtaperne abOredy wellacmes te ee er eee nee eye era ya SS oe 
Merrimac 2.2.-....-_. douieyewelle. 2285.2 eae ee ee 16 18 Me i SO Ss et 
PE ReKWOOG jo.) .._-__-: CHE RURWellidt) 34. .o eee ne cree ere 12 BOs camer a 25 pee 
LO) lS as Springs, cisterns and wells ~--_--_- 20 | 250 | 50-150 |__--_- 6-20 50 
Pleasant Plain _._..__.|Open and bored wells ----.-.------- 28 AE ea ee 35 20) aa sae 
io 2 eS CiGhe eee Be ee eee ee 15 br Fi] |e ee eae DO * ener 
oe, a Gene Wells ase seek oe ee Nee 18 30" aaah feos ae fOr cae 
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WELL DATA. 
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The following table gives data of typical wells in Jefferson 


county: 


Typical wells in Jefferson County. 








Owner Location 


Depth 


Depth to rock 


Depth to water 


Source of 
supply 


Remarks: 
(Logs given in feet) 





Pe VAON be. 8 Wie 
(Lockridge). 
ixaeb, .Parsons.... 


13 miles west of 


Flendale, 


Kalitin nee 
M. R. Cullins_..-_.- 


5 miles north of 
Glendale. 
Salliva ote 6 aes 


Wert Nas ienonves 
(Round Prairie). 
Thomas Raines-_--.- 33 miles southwest 


of Glasgow. 





Spratt __-..2 te [RES Wis eee eae 


BEN2 8007 28220 4-h ce 


TEN 51 kte. 0 We 
(Cedar). 
Hosette ...-_....... |SE.4 SW.% sec. 26. 


TD auLN aig} ektis LO Wie 
(Liberty and part 
of Fairfield). 
T;. Howard__.......|Sec. 1 
Gb. spratticc.-. 2 NW 22sec, Vii 


SWw.3 NW.3 sec. 2_. 








Feet 
125 


290 
79 


317 


319 


246 


230 


Feet 


80 


130 


100 


105 


115 
70 


95 





He 
BS 
Ole 


‘Sand 2 


Limestone-.-_ 


Sand soe 


300 | Limestone__ 


317 











--.---| Sandstone__ 





Yellow clay, 35; blue 
clay, 60; black ‘“‘ce- 
ment” elay, darker and 
harder than blue clay 
with few pebbles and 
no sand, 20; sand, 
grayish yellow, 10. 


Soil and yellow clay, 
pebbly, 45; blue clay, 
20; dry sand, 5; blue 
clay, 3; blue sand, 3; 
shale and coal, 3. 


Drift, 80; rock, 40; shale, 
30; limestone, 167. 
Heads 175 feet below 
curb. 


Sundstone.-|Drift, 105; drift, gravel, 


and sand, 25; white 
limestone with bands of 
shale, 187; sandstone, 
2. Heads 85 feet below 
curb. 

Yellow clay, 40; dark 
clay, 50; not known, 
12; limestone, 98; chert 
2-3; 2 feet of shale in 
other materials, 15; 
hard yellow sand rock 
with balls of hard ma- 
terial, 40. 


About 30 feet above 
creek. Drift, 105; shale, 
3; limestone, 119; sand- 
stone, 8; lime rock. 


Opland. Joint clay, 20; 
blue till, 50; shell rock, 
bastard limestone and 
coaly shale, 38; lime- 
stone, 152; sandstone, 


5. 

Red till, 45; blue till, 50; 
coal ana slate, 4; white 
limestone, 100: .-brown 
limestone, 20; sandstone 
with a little water, 2; 
white limestone, 85; 
sandstone yielding 10 
barrels an hour, 4; wa- 
ter soft and a little 
salt. Heads 67 feet be. 
low curb. 
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Typical wells in Jefferson County—Continued 














Owner Location 
Charles Webb------ 1 mile east of Liber- 
tyville. 


fe eet epbOD....-.|NI.4 sec. 9_.-..--- 





etl Ne, de. 1. W. 
(Des Moines). 


Bee McOleary —-...- IN Waee S0C. (Pio 

} 

Tei N., BR. 11 W. | 
(Locust Grove). 

2 SE eer Brookville .-.--. 


Weeo. pall ______INW.% NE.% sec. 25. 


aretety....----|S W.% sec. 3..---~-. 


teewerGopple.....__|NE.4 sec, 5..-..... 
Pao netperson_...|NE.4 sec. 10___-.-_- 
LO 82) 0 Ce 


euros, Je. 10 W. 
(Part of Fairfield) 
Patrick Kennedy____.|SW.34 SW.3 sec. 9_- 


F. J. Shearer______..NW.3 SW.% sec. 14. 


J. W. Wilson-__-__- lis by ae eee 





42 





ad 

2) 

° 

- 

° 

2 

aq a 
~ ~ 
=F ray 
ov o 
A A 
Feet | Feet 
438 50 
230 64 
241 95 
172 50 
218 140 
188 | 108 
160 | 120 
200 | (?) 

76 |. ---| 

165 90 
143 95 





Depth to water 


Source of 
supply 


Remarks: 
(Logs given in feet) 








Sandstone__ 








Water salty. 


Water also in sandstone, 
70; water lowers on 
pumping to —170. Well 
4 inches in diameter; ca- 
pacity, 10 gallons per 
minute. 


Sandy loess, 20; till, yel- 
low and blue, 44; lime- 
stone, 623 shale?, 32; 
limestone, 4; gritty 
shale, 20; yellow aren- 
aceous rock, 108. Wa- 
ter salty. 


Yellow till and blue till, 
85; sand, water bearing, 
10; limestone with beds 
of sandstone, 142; sand- 
stone, hard, 4. 

Loess, 25; blue till, 25; 
“blue granite’’ (siliceous 
rock), 12; brown sand- 
stone, 93; limestone and 
sandstone, 17. Water 
soft. 

Loess and yellow till, 60; 
dark till, 80; black shale 
with much pyrite, 40; 
bluish black carbona- 
ceous Material, 8; sand- 
stone, shale and fine 
clay, 30. 

Yellow drift, 30; 
till, 60; gravel, 
black shale, 80. 

Loess, 10; gumbo, 10; 
yellow till, 40; dark till, 
60; sandstone, mostly 
fine, but somewhat 
coarser below, 40. 

Creek bottom; marl at 
60; coal at 115; hard 
sandstone at bottom, 


dark 
18; 


Valley. Flowing well. 
Water from sand _ be- 
low blue clay. 

Loess, 10; joint clay or 
gumbo, 20; red till, 30; 
dark till, 30; white 
shale, 20; some arena- 
ceous material. 

Joint clay, 10; red hard- 
pan, 3; blue till, 82; 
limestone, 48, with 
crevice in which drill 
dropped 4 feet. Water 
contains sulphureted 
hydrogen; laxative, 
soft. Heads 60 feet 
below eurb. 
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Typical wells in Jefferson County—Continued. 








Owner Location 





J. F. Seahill__.-..../Near center sec. 17__ 


ve Wir Balle aon oa SW. sec, 19.22. 
. Snider ~---.—----|SW.4 SE.3% sec. 21. 


S. Sackett ----.-----| NW.4 NW.4 sec. 23_ 
B. T. Raines-------| Fairfield ~-...------ 
’ 


O. W. Whitam-.-----/NE.4 SE.% sec. 28__ 


J. B. Steever-------/SE.4 sec. 28_------. 


D. W. Manning----|SE.% sec. 31 ------. 


T, 72 N., BR. 9 W. 
(Buchanan). 


M. Fordyce --------|/SE.4 SW. sec. 23. 


Wayne Green -------|3 miles west of Sa- 
lina. 


T, H. Olover.--...|SW.% sec. 27_..----- 
J. P. Manatry-.--|/SW.4 SW. sec. 35_ 
T. 73N.. BR. 11 W. 


(Polk). 


eee anti ‘west of Ab- 
ingdon. 





200 


151 


230 


185 


200 


237 


97 


186 


240 


165 





Pappas 8 eet a) ie be se Loess and gumbo, 














































S| 


(Logs given in feet) 


Depth to water 
Source of 
supply 


Feet | Feet 
-..-.-|...=...--....|Loess and yellow till; 60jnam 
sand and gravel, 10; 
dark till, 40;  sand- — 
stone, in bottom. Min- 
eral water. 


ar 
So 


oy eee ee eee 
00) 222 “Soil,’? 10; red till, 80; 


stone, 50; “slate,’” 
black, 2 coal, 4. - 





200 |.-__--| Sand and _ |Loess, 10; red till, 30; 
Gravel blue clay, 155; sand and 

gravel, 5; resting on ~ 

bedrock. 

151 |_.._.-|__-..-do -..../Loam, 5; brown “joint — 
clay,” 10; yellow till, 
30; dark till; 78; gravel 
and sand, 28, resting on 
shell rock. 
Drift, 120; black shale, 
fire clay, and several ~ 
small coal seams alter- 
nating, 45; coal,6; alter- — 
nations of shale, sand 
rock, and fire clay with > 
dark pgp ake - below, — 
59. 
Drift, 80; shale and fire 
clay with thin seams of 
coal, 50; sandstone, 20; 
coal, 4; limestone at 
bottom. ; 
100 |...-..|...-.-.-------|Drift, 100; dark™ Sandee 
stone, 20; common 

sandstone, 80. sy 


320 HeSSee ee ee eee 


Oy (Peet 4 ah Se gee a = 


97 |_-.-.-| Sandstone_-|Loess, 20; yellow tin, 25; 
blue till, 50; sand and — 
a little ‘water, 2; lime- 
stone, 88; sandstone, a9) 
yielding 2 barrels of wa- 
ter per hour; limestone, — 
rs brown sandstone, 
97 |_..-..|_-_-.-___-.-__|Joint clay, 6; yellow till; 
40; black hardpan, hard 
and irony, 20; dark till, © 
24; old soil with wood, 7 
3; sand with water, 4; 
limestone. 


yellow till, 20; ‘<7 - 
till, 141. ¥ 
199 et csclieteenoaee ees Drift, 129; limestone, 30; 

bastard rock and sand- | 





165 |.--2{-Gravel.2—-. Loess, 20; yellow till, 20; 
brown soft clay, sandy 
streaks, 117; gravel, a , 
on bedrock.” Heads 40% 
feet below curb. 
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Typical wells of Jefferson County—Concluded. 











Owner 


Location 


Depth to rock 


Depth to water 


Source of 
supply 


Remarks: 
(Logs given in feet) 





ae we oe on a ee ee ee 


ine. Wallace... 


Geo. 1. Estes___-_- 


eet. Smiths....... 
A. L. Downey_-..-- 


T. 73. N., R. 10 W. 
(Black Hawk). 


Ea) or 


A. Freshwater ----. 


Neti ene ht... 


eeioeN., R. 9 W. 
(Penn). 
Pee ASCH A. . 2.2 -—=-= 


i, Job ao 


weaoeN,., R. & W. 
(Walnut). 
ph —_— 


Abingqdon aeesstecs- 


9 


Bin 


SW.2 SW. sec. 


SW. sec. 


SW. sec. 


yet SCG. 8/os02--.. 





Dot SCC. 24n-2 2 


dime. BEC. 2B 2050 





160 


161 


170 


130 


106 


240 


ae 
oO 
CS oF 


130 


85 


165 


190 


60 











Sandstone__ 


Sandstone_- 


Limestone__ 


Gravell =. 


Loess, 30; yellow till, 30; 
dark till, 80; bedrock 
with pyrites, 10; black 
shale, 4; coal, 6; fire 
clay; white limestone to 
247; coarse sandstone, 


oe 

Drift, 160; dark shale, 
30;  cherty limestone, 
110. 

Limestone with some 
chert at 104; sandstone 
from 144 to 186. 

Drift, 76; shale, 3. 

Drift, 70; shale and coal 
in bottom. 


Upland. Loess and yel- 
low till, 60; dark till, 
70; red shale, 10; some 
black shale. 

Yellow till, 50; dark till 
with inclusions of sand, 
35; shale; sandstone, 4, 
to bottom. 

Loess, 25; yellow till, 20; 
dark till, 115; red och- 
erous clay, 5; sand- 
stone?, 12; shell rock, 
2; shale, 4; limestone 
with crevice 13 feet 
deep, 44. Water con- 
tains sulphureted hy- 
drogen. 


,Loess, 20; soft sandy yel- 


low till, 140; gravel,10. 


Loess and yellow till, 60; 
some sand; dark till, to 
100 from curb; lime- 
stone with some sand- 
stone, 30. 

Loess and yellow clay, 50; 
dark till, 53; gravel, 3. 


Drift, 60; 
shale’’, 
rock” 


‘Tock and 
180; “hard 
(limestone) in 





bottom. 
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KEOKUK COUNTY 


BY W. H. NORTON. 


TOPOGRAPHY. 


The surface of Keokuk county is an upland plain scored with 
the channels of numerous converging streams. The sky line as 
seen from the summits of the divides is everywhere even and 
horizontal. Extensive remnants of the ancient level surface, 
which must have been singularly flat and featureless, still exist 
on the main divides and extend to the rather steep slopes of the 
valleys of the larger streams. Even in the southern part of 
the county, where North and South branches of the Skunk flow 
in parallel and adjacent courses and where the upland is most 
dissected by their tributary streams, there are remnants of 
the original plain three or four miles wide, with a maximum 
relief of less than 12 feet. In this part of the county the val- 
leys of the major streams have been worn to a depth of 100 to 
200 feet below the upland level and have been widened by long 
lateral erosion and the action of the weather. The valley of 
the Skunk, for example has been planed and filled to a flat 
alluvial floor two to six miles wide. 


_ GEOLOGY. 


The surface deposit over the entire county, except on the 
river flood plains, is the yellow or ashen pebbleless silt known 
as the loess. It mantles valley slopes as well as level uplands 
and is in few places more than 8 or 10 feet thick. 

Below the loess is a yellow clay that is distinguishable from 
the loess by its brighter tint, by the presence in it of sand and 
gravel, and by its greater hardness. This yellow stony clay or 
till is the weathered upper portion of the Kansan drift sheet, 
the unaltered portion being normally bluish gray in color. 

Beneath the Kansan lies another tough stony clay, the Neb- 
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GEOLOGIC SECTION BETWEEN PELLA AND LETTS, IOWA 
By W. H. Norton 
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-raskan. It is hardly to be distinguished from the Kansan in 
well drilling, unless it should be separated from it by ill-smelling 
soils, by peat and forest beds, or by the more welcome water- 
bearing sands and gravels which not infrequently mark this 
horizon. The Nebraskan till rests either on bedrock or on thin 
sand and gravels which separate it from the rock. 


The rocks of Keokuk county belong to two great series of the 
Carboniferous system, the Pennsylvanian and the Mississ- 
ippian. (See Pl. XIV, p. 660.) The Pennsylvanian is exposed to 
_ view or is found by the drill immediately below the drift over 
_ large areas in the western townships and in several scattered 
outliers over the remainder, of the county. The rocks of the 
Pennsylvanian series consist of shale (‘‘soapstone”’ or ‘‘slate’’) 
with seams of coal and beds of fire clay, and lenticular bodies 
of sandstone. These rocks lie on a deeply eroded surface of 
Mississippian strata. 


The outcrops of the Mississippian series in this county pre- 
sent only its higher subdivisions. The Saint Louis stage, with 
its variable beds of limestone (some fine-grained and compact, 
some magnesian, some sandy, some interbedded with sandstone 
layers, and some made up of angular fragments) and sand- 
stone, which in places may attain a thickness of 40 feet, under- - 
lies the greater portion of the area. The total thickness of 
_ the Saint Louis may reach 150 feet. 


The Osage stage underlies the Saint Louis limestone. Its 
exposures in the county show a subcrystalline limestone locally 
made up of crinoidal fragments in many places pure white. 
It occurs in layers commonly less than a foot thick, separated 
by bands of chert or of clay. The Osage underlies the drift north- 
east of a line drawn diagonally across the county from a point 
three miles south of Keota through South English. The thick- 
ness of the Osage in the deep well at Sigourney is 168 feet. 


The Osage rests upon the heavy shales of the Kinderhook. 
Everywhere throughout the county these shales lie too deep to 
be shown by even the deepest valleys. Some of the deeper 
wells of the county reach them, however, and their total thick- 
ness, shown by the Sigourney boring, measures 229 feet. 
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UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


On the broad bottom lands of Skunk river ‘‘sheet water’’ is 
found in river sands and gravels at a depth of 24 to 30 feet. 
The water derived from this formation by some wells is said 
to have a slight odor of organic matter. 

The chief water supply of the county is obtained from the 
drift. Ground water beneath the level prairies stands high. 
Under favorable local topographic conditions the basal silts 
and sands of the loess yield a supply sufficient for house use, 
and in certain localities, at least in wet years, sufficient for stock 
wells. Thus near Richland a well 33 feet deep, dug in 1906, 
struck water at 12 feet, the quantity increasing to the bottom; 
this well, which supplies 30 head of cattle, probably obtains 
water from sands and Kansan drift as well as from the basal 
loess. 

There are several well-marked water-bearing beds in the 
drift. At Sigourney these are reached at depths of 25 and 55 
feet. in loose gravelly beds, and at varying depths in gravels 
immediately overlying the Saint Louis limestone, which here 
occurs 35 to 70 feet from the surface. The following section 
of the drift at Sigourney is given by a driller: 


Section of drift at Sigourney. 











Thick- 


ness | Depth 














Joint, clay, without. pebbles, (loess) <2. = =. 2626 eon rece ee eee eee eee 
Olay, sandy, loose, yellow, pebbly, caving; containing water toward base_------- 22 38 
Clay, blue, with streaks of yellow; hard, with small pebbles, many of them white 

in color; penetrated to a sufficient distance for reservoir_------------------------- to rock} az 
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At Delta, in Warren township, the section of the upper por- 
tion of the drift is given as follows: 


Section of drift at Delta. 




















| 
Thick- | 
ness | Depth 
‘ Feet Feet 
Se a eed na aca as coca nen asanenasarisancannmaesesepesenasnasneersest 5 5 
pemmpenow. with Diack, streaks 2.2 22. oso nce cece cece ced endenencconccesacesaneoe 15 20 


Olay, yellow, caving, soft; with sand streaks; water bearing in basal portions... 15 | 85 





On the upland about South English a different section is 
given: 


Section of drift near South English. 








Thick 

ness | Depth 
Feet Feet 

IIHT WHORE 0 catonsactackcerdn sane sconasecsoaawmeconssasenaasucssahcenanananannes 12 12 
MEETING VC ANISAT ooo ae ca crn s arenes naw emenaccecaseroreneses ance sane 5 17 
Clay, blue, tough, with small white pebbles_-.........---...._-.............-.-..-- 10 27 
LIP RIDCHING © ANG) WOOG occas erase set asew enn eae ce an eenn aecenaasnsmnsecane 1 28 
menage ean, coarse, white, with water... ........... — —-.-. —~... +--+ -=-- = ee ee cal cee oss 











In Steady Run township, on the flat prairie about Martins- 
burg, the succession is said to be as follows: 


Section of drift near Martinsburg. 








Thick- 

ness | Depth 

Feet Feet 
a alae aR ee A Le eT 5 5 
nr mr OSeN AL) DOOM 9 an- -oce an sees eece ce tne ao em nw ewnbencoscescenceenns 20 25 
2 IES SS a SS ee Se a ee ee 12 87 
TITRE OD ee ot ans anne casas saocwmsammesnesae emamseactisaaadscneancon 40 q7 
EMIS OWS COD oe ean cc ne anne cata sae sencana ceaeescnee ses cencesanecensscntasecnaaden|scnccenn aa ae 





Other sections showing drift deposits and water sources, as 
related by the drillers, will be found in the list of wells (p. 668). 
These sections seem to show that the upper weathered zone of 
the Kansan till is still water-logged under favorable topo- 
graphic conditions, and that it furnishes water at very moderate 
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depths from its sandy beds; they show also, however, that a 
more dependable source of supply is to be found in the sands 
beneath a sheet of blue till which in many places is probably 
the unweathered Kansan, the sands being those which immed- 
iately overlie the Nebraskan drift. 

The thickness of the drift and the depth to its different water 
beds varies greatly. In the town of Sigourney the depth to 
bedrock ranges from 35 to 70 feet; a mile north of town, wells 
190 feet deep find water in gravels without reaching rock. In 
the southeastern sections of Lafayette township rock is struck 
within 30 feet of the surface; in the western sections the drift 
is 130 to 160 feet thick and in the northeastern sections from 
100 to 130 feet. On the uplands in the vicinity of South Eng- 
lish the average thickness of the drift is about 100 feet; about 
Webster it is from 90 to 100 feet thick. In the area about 
Haysville rock is struck in wells 50 and 60 feet deép. 

Until the series of dry years in the nineties it was rarely 
fiecessary to sink wells into the indurated rocks for water, ex- 
cept in the well-dissected areas where drift is thin and ground 
water normally stands low. . 

The Pennsylvanian supplies good water in but few localities, 
a fact which causes serious difficulty in the mining regions of 
the western townships, where most of the water obtained is 
drawn from the drift. 

The Saint Louis limestone usually yields a good supply of 
water from the soft sandstones that lie between the limestone 
beds, as, for example, in the wells at Keswick. Where the 
Osage stage forms the country rock, as in Liberty and La- 
fayette townships, wells which fail of finding water in the drift 
are drilled a considerable distance in this limestone before 
finding water. Of the wells reported from these townships; 
more than one-half exceed 200 feet in depth. 

In the southeastern townships, Richland and Jackson, a 
number of deep wells have been sunk. The deepest of these, 
548 feet deep, passed through 150 feet of drift, eight feet of 
' flinty, pyritiferous rock, and 50 feet of ‘‘clay’’ (shale), which 
may be either Coal Measures or Saint Louis limestone; then 
200 feet of solid limestone (the Osage and perhaps the lower 
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part of the Saint Louis) ; and finally 140 feet of shale evidently 
the Kinderhook. Whenever the thick and dry shale of the 
Kinderhook is_ struck, drilling should cease unless the 
owner is prepared to sink his well to the much deeper formations 
reached by the deep well at Sigourney, (p. 667). In other coun- 
ties where like conditions exist the experiment of shooting a 
well with nitroglycerin at the top of the shale when water has 
not been made above it is successfully made as a last resort. 


SPRINGS. 
é 

Only in the western townships are noteworthy springs re- 
ported. A number of unfailing springs, the water of which is 
said to rise from gravel and from sandstones, emerge along 
Richland creek north of Richland, the measured discharge of 
one being three gallons per minute. Other springs are re- 
ported northeast of Harper in Lafayette township. 


CITY AND VILLAGE SUPPLIES. 


Keota.—The water supply of Keota (population, 988) is 
taken from a well 180 feet deep. The amount used daily is 
13,500 gallons. The water is distributed from a tank having a 
capacity of 68,000 gallons. The fire and domestic pressure is 
65 pounds. There are 134 miles of mains, 21 fire hydrants, and 
150 taps. 

The well reached rock at 70 feet. To this distance it was 
excavated to a diameter of 10 feet, to serve as reservoir, the 
easing of the drilled well occupying the center. The supply, 
however, is insufficient for the needs of the town, and at times 
of greatest consumption the well can be pumped dry several 
times each day. 


Sigourney—The water supply of Sigourney (population, 
2,032) is drawn from a well 14 feet in diameter and 20 feet deep, 
situated 114 miles from the town on the flood plain of Skunk 
river and about 150 feet from the river bank. The water is 
distributed by gravity from a tank holding 50,000 gallons. The 
domestic pressure is 50 pounds; the fire pressure, 100 pounds, 
There are 7 miles of mains, 41 fire hydrants, and 100 taps. 
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Besides supplying water for its own use the town furnishes 
water to the Chicago, Rock Island & Pacific and the Chicago, 
Milwaukee & St. Paul Railways for use in their engines. The 
amount of water consumed by these companies and the objec- 
tionable qualities of the water of the deep well for use in 
boilers, may, it is said, have had something to do with the aban- 
donment of the deep well drilled for the city by Hopkins and 
Gordon in 1882. (See Pl. XIV, p. 660.) 


The depth of the well is 1,888 feet and the diameter, 6 inches 
to 1,091 feet, 4144 inches to bottom; casing to 1,091 feet. The curb 
is 756 feet above sea level, and the head 30 feet below curb. At 
1,320 feet, in the Saint Peter sandstone, mineral water with 
strong odor was found; at 1,360 feet, a crevice was encountered 
in which the drill dropped 2 feet and a current of water carried 
off the cuttings. The supply of water increased to 1,388 feet, 
when it flowed over the top of the well-while the drill was in 
and stood within 30 feet of curb when the drill and rods were 
removed. No water was found below 1,388 feet. 


On account of the poor quality of the water the well has never 
been used. It is also stated that its capacity was insufficient, 
but if any pumping tests were ever made they have not been 
reported. ‘ 
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Record of strata in city well of Sigourney. 
Thiek- 
ness | Depth 
Feet Feet 
Pleistocene: 
ae esp ecg Bea Se a a i al re ere 50 50 
Oarboniferous (Mississippian): 
eee limestone and Osage stage (306 feet thick; top, 706 feet above sea, 
level) — 
Shale, blue; a few drift pebbles fallen from above_------------------.------ 18 68 
Olay, brown, fine, noncalcareous; in flakes; disaggregates in water with 

about ten times the difficulty of the blue till; quartzose and cherty 

SRO OomeN OO we lAClAl “PCD OICSs 22 eet ous oeccee oe eee sean cenemceacane 30 Ag 
Limestone, TO WIR EE Ysu AE CURCCOUS, 2o> cose cue oe eee mes Batenue soe neon oe 22 120 
Limestone, gray, arenaceous, cherty; 2 samples-_-—_-_--_____-________= = 15 135 
Shale, caleareous; much; gray. flintaing Takes ee ee es ae 20 155 
Limestone, highly siliceous, highly argillaceous; much flint ‘and blue! 

SMe Orne A ATPCI YT CHEelte ae an a eens ane eae eesee enact Solan soee 10 165 
Limestone, bluish gray; drillings mostly chert of the same color___------- 5 170 
Limestone, bluish gray, or shale, highly cherty, quartzose, and argillaceous) a lyf 187 
Shale, blue, PAWATCOUNS (hig nlya. SIIICEOUSyecae es oe eco nose nee 3 190 
mimestone, blue-eray, highly cherty_.....-_..-....-...-=.<..-...-=i.s..=.-. ~ 5 195 
Limestone, BCT LLLO- TR yamine sae Eo Bi sire See ee be Le See 10 205 
MEMPELONO Mm DIUG PTSY >). NUCH Chere, —-5-5— on aso ac connec anwastooetanaoceoe Sele 5 210 
Limestone, light bluish; earthy luster, in ins flakes, highly siliceous__-- 15 225 
Limestone, blue-gray SOS A Oe SE 15 240 
Limestone, drab, granular —~---------. 10 250 
Limestone, brown, somewhat cherty -- 6 | 256 
RTE ISIONS. 62 Vane rcs ee ee eee ee en SS eae 14 | 270 
Pmivraecone Drown. somewhat) Chorty — 2.00 cc.—- nop ee es ne eke eee 15 | 285 
Limestone, light gray, soft, angular, crystalline__--._--.-..---------------- 25 310 
Shale, hard, greenish, caleareous, microscopically siliceous; in fragments;) 

ne ee tee eseenicdinue | 20 | 330 
Shale, dark greenish; in large fragments; calciferous; so highly siliceous 

with microscopic particles of limpid quartz that it might perhaps be 

DAeER OTIS CONE MiGTRATEDICR ee. po. ee ee ee oh ota e ee lwcneae eens 12 342 
Limestone, light and darker blue-gray; in flaky chips; argillaceous and. 

EMINOG DION ar ATER ACCOUS Mae eae ee eae A Sees ne noe oce canes 14 356 

Kinderhook stage (198 feet thick; top, 400 feet above sea level)— 
Shale, greenish, soft, slightly calcareous, fine-grained; 4 samples___---_---. 198 | 554 
Devonian a7 feet thick; top, 202 feet above sea level): | 
muemecuongss ereen-pray, argillaceous 2----- 2-2-2. 2_.Wo nn a et eee 31 585 
Seam MCTPA be.” CHICATOO-SiliCOOUS-2- 2-5. -- 25-5 ne ae sence eennn nnn 21 606 
Shale, caleareous, or limestone, argillaceous; highly fossiliferous; drillings 
largely fragments of Spirifer, Orthis, and perhaps other brachiopods, and 
ETS GIG RIS Bae Si SEs StS cel pt ee pc ae) nen Oe eR Se ea te, a 12.) 618 
Limestone, blue-gray; earthy luster; fossiliferous ~-.-..--__..----_------------. 12 | 630 
Limestone, brown and buff; earthy luster; fossiliferous ~...--...---...--------- 13 | 643 
Limestone, soft, yellow; earthy luster; 4 samples ~_--....--.-__--_-.---__----.. 25 668 
MER CIACMEEET GL VOUT CHIOTLY, 6 eee at St ee ees eek Sk 5 | 673 
ENO LILE <a Tt DOW HOT coke eos ae eee ee ee 52 | 725 
Silurian (146 feet thick; top, 31 feet above sea level): 
Limestone, magnesian, buff; in sand; 2 samples_-__.-.-..--...---_-_---------.. 5 730 
Dolomite, gray-buff; in chips; subcrystalline, much white chert; 2 samples_-_- 56 | 786 
Dolomite, yellow, buff, and gray; mostly cherty; 5 samples_-__.---_---------_- 79 | 865 
Limestone, magnesian; mostly white and translucent chert, with interbedded | 
cubes of pyrite, and a large number of minute rounded grains of limpid | 
Cn a cee Re OP Re oe So es Ee ee Blips ek ee es ee ee ee 6 871 
Ordovician: | 
Maquoketa shale (159 feet thick; top, 115 feet below sea level)— 
Shale, blue, green, gray, and Grabet Teka ples) sees ane ee ee ee 159 1,030 
Galena and Platteville limestones (283 feet thick; top, 274 feet below sea level} 
Ree leesbrowns DATOS. BTSilaCCOUR ss «-s20-- aos oo wa cea 25 1,065 
PESSOUO Am HE VOUOW-RT SY 22 20s oe eke eae ae ee nance 84 1,089 
DEPMSINIGO IDL OW IE (ant ace eee ae te ate eo banc ga ae eee acl eee ce ceuleetansow peeaee= 
Limestone, magnesian, cherty, white, gray, buff, and brown; all effer- 

vesce more rapidly than Galena dolomite ~-.-..._.-_-.---.-.-------.------- 149 1,238 
ener e mee eee ae eat he UR mune y Gren ree 2 ee Gals ee eb > 17 | 1,255 
famestone, light yellow-sray, cherty 22. <.2-.2.-225---2+24..2.~----22 ee 5 1,260 
Limestone: PeWAT CULO METI 10 es ee eo eee er ee ed 15 1,275 
eC TEPL Ce SOLE. 6 CRICATCOUR) oa oon eae mete ates oe ee lok ene ce te bedca| 6} 1,281 
EME OST OUR O'E Fay teen ete She Oa ne Se ee ee i ea 9 1,290 
PrmeaLOnprarin Agnes allie PTO Wits ooo nd wot os eee en oa eee 25 1,315 

Saint Peter sandstone (115 feet thick; top, 557 feet below sea level)— 
Sandstone, fine-grained; white and light gray in mass; mostly angular 
fragments with some rounded grains; 7 samples_-.---.-.-------_--------- 115 1,430 
Prairie du Chien stage (458 feet thick; top, 674 feet below sea level)— 
POM m a BAINTICNY ons cooeetet enone po acaenencaen cee ees eet ante eatwedcascn 398 1,828 
Same (reported) oe in ee Re RS I ES aan regener ee pee os Se le i ae 60 1,888 
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Minor supplies—tInformation concerning the water supplies 
in the smaller towns and villages is presented in the following 


































































table: 
Village supplies in Keokuk County. 
is} Head below 
| oO S eurb 
ea lo) > 
Town Nature of supply [a as “s ou 2 
= | 2] 8 | #3 | 8s 
Ao) aE eee 
Fect Feet Feet Feet | Feet 
Delta. cscs.) Dug and ‘drilledvwells. 225222 ee 22-470 |100-300 50 12 50 
Gipson casul..| Wells sz. sa ce ee oy Pee ee ee avcesc..| Jee en a eee 
Haysville —..-- Dug, drilled and bored wellsas222._ 0. a 16-40! See 55 5 Hs ae (aeons 
Hedrick ss 92.0) Wells Uar cer Berd eee eee ae eens 15-55 D5 Ws taretaed 12 45 
inrOss -t2-— 5... ODEN -wells= esse ae ce eee ree ee eee webs ca elee- Gk ee ee 
NUpen tee oo) Dug, bored and drilled wells.....-_-....___ 18-180 | 90-180 | 20-60 20 4y 
South English_| Open-and drilled wells_........-_..-...-__---- 10-60 ||... coca Reeeeee pene ae 
TNeNYV TANG) clo. ako. “Oye e sees Bee ee eee 20-280 |ascd-L2% 50-75 15 55 
TRormpure .<.| Open wells>suc iva. s desea ee oe 20-50 85 coat ee 8 
Webster --.-.- Bored. Wells xstescecse cel Loc ee ckase) 1801 MO Ris ieee CL, ee 
What, Oheer..!) Wells-andvelsterns-— 325 ee ee 18-45 25 90 8 
WELL DATA, 
The following table gives data of typical wells in Keokuk 
county : 
Typical wells in Keokuk County. 
5 ° 
S13 a 
rae aes bs 
7 om ah a S 3) Remarks: 
Owner Location Bi. varehe ri ak (Logs given in 
q Y aia © & } feet 
ve} g ve) £3 a i Sf 
eo] soe Vee 5 a 0.2 
Q A A a MN jen} 
PAV N., BR. 10 SVe 
(Liberty). Feet | In. |Feet | Feet Feet 
Wee Oliver’... SE. 41sec. 6.2} | 258. (52.263 230 ic cceuultemoec cnt peas 20 feet of sandstone 
and some gray 
soapstone below 
drift. 
Daniel Coffman..|NW. % sec. 81} 290 |_.-... 170 ccccaebborcvesaceee |[Reeeee ; bese: below 
rift. 
—- Graham ----- SW. 3% sec. 81 1600 5828 eee? ee 
Casper Troutman/SE. 3% sec. 82 15b! (ec. s2hleSe 
Albert Dill). 2.52 Southeast of S80. (esoate Ss 
Kinross. 
Dat ON ye. 12° We 
(Adams). 
J. O. McBride----|NE. 3 sec. 18) 41 2 leew 40 | Gravel____. +1 |Foot of hill. 
eee eeen eal SW... 4 NE. $)o222-)222--2) ee | oe | ELIS OU ces ee 
sec. 32 20; yellow’ pebbiv 
clay, a little water 
at bottom, 30; hard 
T. 76N., R. 10 W. black — pyritiferous 
( Lafayette). shale, 16. 
Ephriam Bouzloz-|NE. 2 sec. 5--) 220 |_---_. 155 4 esbes 2 a Ser ee 
John Ourtis .......NW. 4% sec. 5) 325 jc. 1600'S). Sac eek cee te eee 
Oreamery -------- Barker <2-.0207 00) Hise ee Saree —16 |Soil and loess; yel- 
low pebbly clay, 12; 
hard, blue clay 
with wood, 60; 
sand. 
Cook ~-2csece5e= NE. 3 sec. 6--| 208 |_..... 150. qe Sats ee eee ee 
Simon Herr ------ INE sec, 72) 260s see LOO) |S eee See eee raed abe 
David Olyde ----- NW. 4 sec. 9..| 150 |_----+ 5 yt ie Sa al RE OE he ee 
BE, A. Kenrell- 2 (Sh. 4 see. Tio!) 147 | 22 ee Sf al ete Nh IN al 
Scott Kirkpatrick|SW. 34 sec. 12_| 202 |__.-_. 190: | SAE eee SRL eee 
—- Klein -------- NES + sees 1825) 9175 |e gb) eae 5 GEES ie EE C2 8 Shale 1 foot, at bot 
Frank Holmes ---|SE. 4 sec. 2--) 110 |_--.. A 100 Vacs oet aged “2622 2a reee om. 
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Typical wells in Keokuk County—Concluded. 
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mH 
SE EMp A 
° > 2 H 
H Pan ee 4 o8 Remarks: 
Owner Location By Sino ps oe (Logs given_in 
q 2 SS Nat res ole ° feet) 

2 3 2 a 55 at) 
ca) ot o oe ow 0, 

Era-he ec eet PA mo | 

Feet |In. |Feet |Feet Feet. 

Ed Van Fossen..-|SE. 3% sec. 36--) 70 |_--.-. Bal CSE ee peeen es oa seee 

M75 N., R. 11 W. 

(Parts of Germar 

and Lancaster). / 

Jer. Doetising...|NW. % sec. 6.) 156 |_.-...|___-.. Ene | Tey Sane 28 | ad el 

eee 1 NE. e sec, 2-.| . 60 |-.---|---_-.|_-_--- Sand -_-_--_|__---_/Yellow clay, 40; blue 
clay, 20; sand. 

Charles Brallier..:Sec. 384 -------| 224 SH elZON We Ua alec, caer once —9$0 |Capacity, 14 gallons 
per minute. 

— Teuscher ..._..|SE. 3% sec. 14; 230 |--.-.. ASO) tee aX aN DS at 

HeeBrain 2..__... SW. 3 sec. 26} 190 |... 120 |..----|/Limestone -|.----- 

eas: 11 W. 

n). . 
8+) out 1 mile! i160 |-._-- 162 [oe cee ee fn 
southwest of 
Harper. 
Eee AD Out be I6) 11900) cada eesce at-aseelaan co eee a ee au (nds) ina quicksand; 
northwest of abandoned. 
Harper. 
eee esis. & NG. SE) 64) [ooo | Gravel -...-.| —50 |Loess, 20; yellow clay 
sec. 36. 15; blue clay, 16; 
fine gravel, 3. 
mwee Monne....(|Southwest pt.| 156 |...) 141 |...-..]......-.-.... |-...-- Rock outcrops on 
neighboring creek 
65 feet lower than 
T.75N., R. 10 W. curb. 
(Clear Creek). 

Zohn Wright _..|NE. % sec. 5.} 180 |...-.. Ua RRS he ee ee A) a 

mea Oonrad__._|SE.:% sec. 11; 170 j--.... RSD RS Ze oe ee ee —75 

Tua N., R.10W. 

(Richland). 

John W. Lemly -.|Sec. 18 ----.. 302 6 70 OU Seen ee 2 —70 |Capacity 1 gallon per 
minute. 

¥, H. Heilman._.|---- do ---....| 213 6 26nte teas pine lees 2h Be —30 |Capacity 30 barrels & 
day; easily lowered 
to —100 feet. 

Jerry Reddig ----- Nec. 20 4oe eh 113 Chl Seer 105 |Gravel ---.. —78 |Soil, 2; yellow clay, 
10; yellow joint 
clay, 48; blue till, 
85; yellow sandy 
clay, 9; gravel &; 
soapstone, 1. 

Samuel] A. Altman|Sec. 30 ----___| 548 |53to | 150 | 400 |/Limestone -| —92 |Water lowers to —200 

33 feet. Drift, 150; 
flinty rock, pyritif- 
erous, 8; Clay, [3 
solid rock (lime- 
T, 74N., R. 11 W. stone), 200; shale, 
(Jackson). Kinderhook, 140. 

John Altenhofen_-|Sec, 1 ___-___. 418 6 85 | 102 |......-----.. | —60 |Capacity, 33 gallons 
a minute; lowers to 
—275 feet. Drift, 
102; limestone, 58; 
flint, slate, pyrite, 
65; soapstone, 193 
with water at 410. 

Esaae, Brown =-..-|Sec. 12 ....... 118 6 7710) b ee (a ae —106 | Mostly limestone: 

’ some sandstone and 
a little black rock. 
Isaac Shelly -__-. SeCeI87— sc =<) 105 6 48 | 103 |Saint Louis_| —40 |Capacity, 12 gallons 
: a@ minute; can not 
be lowered. Drift, 
48: sandstone, 10; 
hard, white flint- 
rock, 47. 

O. O. Bottyer__... a es from) 125 6 CRS 0s (ae ee Oe —40 |Can not be lowered. 

ie. 

Pierea Hollings-|Near Ollie --._| 250 4 GOMES eet ee —60 


worth. 
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LEE COUNTY 


BY W. H. NORTON. 


TOPOGRAPHY. 


Lee county, occupying the southeast corner of the state, and 
bounded on the southeast by the Mississippi, on the northeast by 
the Skunk, and on the southwest by the Des Moines, may be. 
described as an upland overlooking its boundary rivers from a 
height of 100 feet and more. From Montrose to Keokuk the 
Mississippi flows through a narrow rock-bound valley. From 
Montrose north to Fort Madison a wide, crescentic flood plain 
on the right bank has been opened in the drift on either side of 
the lower course of Sugar creek, and north of Fort Madison a 
still broader alluvial plain has been opened on either side of 
Skunk river. These two patches of the Mississippi flood plain 
and a plain of similar character along the Des Moines at Sand 
Prairie are the only lowlands within the county. 


A low ridge, sufficiently prominent to give name to Pleasant 
Ridge township, rises above the general level of the upland plain 
and extends nearly north and south from the Henry county line 
through West Point to Sugar creek. Hast of this broad swell 
—the terminal moraine of the Illinoian ice sheet—the upland 
is overlain with Illinoian drift; west of it the upland is formed 
of the older drift sheet, the Kansan. <A broad shallow depres- 
sion, a temporary drainage channel of Pleistocene times, en- 
tering from Henry county on the north, is known as Grand Val- 
ley until, trending to the southeast, it is occupied by Sugar 
creek. With these exceptions the entire upland may be re- 
garded as a plain once nearly level and now etched with the 
valleys of a drainage system as yet immature. The divides 
are in the main tabular and are still so wide as to allow a high 
ground-water surface. 
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GEOLOGY. 


The lowest drift sheet of Lee county is the Nebraskan, a dark 
stony clay, in places separated from bedrock by outwash sands 
and from the overlying Kansan drift by forest beds, old soils 
or still more commonly by sands and gravels of special impor- 
tance to the well driller. The Kansan drift sheet is a dense, 
tough stony clay, weathering to reddish yellow, but bluish in its 
unweathered deeper portions. East of a line drawn north and 
south through West Point from the Henry county line to Sugar 
ereek is a third drift sheet, deposited by a still later ice in- 
vasion, the Illinoian. Over the area of the Illinoian drift an 
old soil (Yarmouth) in many places separates it from the un- . 
derlying Kansan. 

The rocks under the drift in Lee county belong entirely to 
the Pennsylvanian and Mississippian series of the Carbon- 
iferous. (See Pl. XII, p. 618.) 

The rocks of the Pennsylvanian series or Coal Measures lie 
on an ancient land surface eroded in the rocks of the underlying 
Mississippian series. They consist chiefly of drab clay shales, 
not commonly associated here with coal, and yellow friable sand- 
stones. As outliers of the Iowa coal field they occur in the 
western part of the county and are found in four tracts, oceupy- 
ing more or less of Pleasant Ridge, Marion, Franklin, Cedar, 
Harrison and Van Buren townships. 

The Mississippian series of this area includes the Saint Louis 
limestone and the Osage and Kinderhook stages. The term 
Saint Louis limestone of the Iowa State Survey reports and as 
employed in this report includes the upper part of the Warsaw 
limestone, the lower part of the Warsaw being included in the 
underlying Osage stage. The Osage stage of the United States 
Geological Survey, however, excludes the Warsaw limestone. 

The Saint Louis limestone forms the country rock over per- 
haps one-third of the county, with a thickness of hardly more 
than 30 feet. It is variable, including magnesian and nonmag- 
nesian limestones, sandy limestones, and blue sandstones. Much 
of it consists of breccia, a rock that has been broken into angular 
fragments. The sandstone beds of the Saint Louis should yield 
a moderate amount of water. 
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The Saint Louis limestone rests on the Osage stage, which in- 
cludes as its basal formation the Burlington limestone, the lower 
part of which is characterized by its brilliant whiteness, its erys- 
talline texture, and its numerous fragments of ecrinoid stems 
and plates. Upon the lower division of the Burlington lies the 
Montrose Chert, well exposed along the Mississippi from Mon- 
trose to Keokuk, where its resistance to corrasion has given 
rise to the Lower Rapids of the Mississippi. This chert con- 
stitutes the upper division of the Burlington limestone. As 
flint or chert is considerably harder than steel it might be sup- 
posed that these beds of chert would be difficult to drill, but the 
thin, brittle layers break easily under the heavy stroke of the 
drill and the chips do not pack. The Osage stage also includes 
the Keokuk limestone, the lower part of which is bluish and 
cherty, about 25 to 40 feet thick, and the upper part a shale 
about 40 feet thick containing many geodes lined with banded 
chalcedony or crystals of quartz. The lower part of the War- 
saw limestone, consisting of alternating sandy limestones and 
sandy shales, about 30 feet thick at Keokuk, is, for convenience, 
also included in the Osage stage. The Kinderhook stage under- 
lies the entire area but is exposed in a few places only. 


UNDERGROUND WATERS. 


SOURCES. 


The river-laid sands and gravels of the broad Mississippi bot- 
tom. lands and those of the narrower flood plain strips along 
Skunk and Des Moines rivers yield abundant water of excellent 
quality to shallow open or driven wells. 


The uplands of the county are mantled by the loess, a soft 
friable silt that is too fine to be called sand and too coarse to 
be called clay, and that furnishes water to shallow wells that 
reach its base wherever conditions bring ground water near the 
surface. 


Water is obtained from thin sandy streaks in the Illinoian 
drift, and especially from sandy layers of the interglacial de- 
posits separating the [llinoian and the Kansan drift sheets. 
These interglacial beds, known as the Yarmouth, from their 
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occurrence at the village of that name, comprise not only sandy 
beds in places but also old soils that contain wood and beds 
of peat or muck. The water from the Yarmouth is therefore 
likely to be ill smelling and available only for stock. 


The depth to the Yarmouth ranges from 20 to 40 feet in the 
northeastern part of the county. Along the ridge of the ter- 
minal moraines of the Illinoian drift sheet the increased thick- 
ness of this drift increases this depth to 40 to 70 feet. 


The deeper water beds in the drift are sands in the Kansan 
and Nebraskan tills, water-laid interglacial deposits (Aftonian) 
which separate them, and sand and gravels which overlie the 
bedrock. None of these horizons are altogether dependable. 


- In Washington and Green Bay townships, for example, little or 





Figure 6.—Map of Lee county showing course of former valley of Mississippi 
river (shaded area). Present valleys outlined by hachures. (After Gordon.) 


43 
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no water is found from the top of the blue till (unweathered 
Kansan and Nebraskan) to its base, although at Fort Madison 
it reaches a thickness of 260 feet. The quicksand below it, 
however, about 100 feet deep at Fort Madison, yields gener- 
ously. On the thick drift of the Illinoian terminal moraine 
water is found within 70 feet of the surface. An ancient drift- 
filled channel of the Mississippi, whose extent is shown in 
figure 6, contains a thickness of 300 feet and more of Pleis- 
tocene deposits, including heavy sands and gravels. At Mount 
Clara and west and north of Summitville, wells in this old chan- 
nel encounter 50 to 125 feet of sand containing more or less 
driftwood and in places overlain with an ancient soil. In one 
well dry reddish sand above was succeeded by gray sand un- — 
derlain by water-bearing gravel. In nothern Lee county, in 
the area from Denmark to Saint Paul, the drift is com- 
paratively thin. Water is commonly found on or above the 
rock, but many wells seek deeper sources. 

The water from the Pennsylvanian is likely to be highly 
mineralized and sulphurous. The sandstones yield some water, 
but as dry clay shales form the bulk of the series and as the 
lenses of sandstone are exceedingly variable and rapidly thin 
out laterally, the occurrence of sandstone water-bearing beds at 
any given point within the area of the Coal Measures can not be 
predicted. 

Water occurs in the Mississippian limestones in quantity 
ample for house supply, and is utilized by a large part of the 
population. The geologic horizon of the strata that yield the 
strong flows at depths ranging from 700 to 800 feet below the 
surface remains in some doubt. Local drillers, as at Bur- 
lington and at Fort Madison, speak of the water bed as the 
‘‘Saint Peter sand rock,’’ a term as easily applied to a water- 
bearing dolomite which is cut by the drill into sparkling erys- 
talline sand as to a true sandstone. If the samples of the 
Young Men’s Christian Association well at Keokuk are re- 
liable, this well and all others of like depth find their water far 
above the Saint Peter sandstone. No sandstone of any kind ap- 
pears in the drillings of Young Men’s Christian Association 
well, the basal stratum and water bed being a brown dolomite 
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belonging to the Silurian or to the Ordovician (Galena). <Ac- 
eording to several logs it is sandy, as the Silurian is known to 
be at Washington and Centerville. By the log of the Hubinger 
wells at Keokuk a shale referable to the Maquoketa and sepa- 
rated from the Saint Peter by the Galena and Platteville lime- 
stones is found beneath it. On the other. hand, supporting the 
reference to the Galena is the facies of the brown dolomite 
itself. At Mount Pleasant, where alone in southeastern Iowa 
there is a complete record of samples to below the Saint Peter, 
dolomite is absent from the Silurian, whereas precisely such a 
brown dolomite constitutes the bulk of the Galena. At Fort 
Madison a similar brown dolomite, covered by the Maquoketa, 
forms the water bed. If the water bed is the Galena, the 
Maquoketa is absent and the shale of the Hubinger wells found 
below the water bed is difficult to account for. 


In other counties of similar geologic structure the Montrose 
Chert (upper part of Burlington limestone) yields considerable 
water, but the main water bed in the Osage stage is the lower 
part of the Burlington limestone, especially the part near its 
base, where descending ground water finds its farther down- 
ward progress stopped by the impervious shale floor of the Kin- 
derhook. The water occurs in irregularly spaced and quite unpre- 
dictable crevices and passages dissolved along bedding planes 
by percolating underground water. Hence, a well may be drilled 
even to the Kinderhook and fail to find an adequate supply 
because it has missed a channel, perhaps by only a few feet or 
yards. In this event, access to any near-by channels in the lime- 
stones may be gained by ‘‘shooting’’ the well with nitroglycerin 
a short distance above the top of the shale. If this experiment 
is a failure, it remains to try the chances at some other place. 
The shale of the Kinderhook stage underlies the entire area, 
but for several hundred feet below the top carries no water. 
The deeper water-bearing strata have been tested at a number 
of points, as at Fort Madison, Keokuk, Mount Clara, Mooar and 
Montrose (see pp. 677ff). 


On the whole, the larger supply of the county is still drawn 
from the drift, and that, too, from its higher horizons, but as 
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these have been found less and less adequate, an increasing 
number of wells of recent years have been drilled to the water 
beds of the country rock. 


SPRINGS. 

Good springs occur in almost every township of the county, 
those which issue from the Mississippian limestones along the 
escarpments fronting the larger streams being especially 
copious. Small springs of highly sulphated waters occur in 
areas underlain by Coal Measures rocks. Springs and oozes are 
also numerous in the drift. The springs on the east bank of 
Sugar creek, near its mouth, issue from sands and gravels 
interbedded between blue and yellow tills. Large springs are 
reported from near Belfast, Overton, West Point and Augusta. 


CITY AND VILLAGE WATER SUPPLIES. 

Denmark.—The following information in regard to Denmark 
(population, 350) is taken mainly from notes by Frank Leverett: 

The R. B. Quinton well, located one and one-half miles north- 
west of Denmark, has a depth of 1,715 feet. The curb is 715 
feet above sea level and the head 54 feet below curb. The 
supply is stated by driller to be ‘‘plenty.’? Drift continues to 
80 feet. The first sandstone, at 900 feet, was rather fine and 
was called by driller the Saint Peter. A second sandstone was 
reached, but no change in head of water was noticed. Date of 
completion, 1890. 


-The Isaac Bell well, located in section 21, Cedar township, 


has a depth of 1,220 feet. The curb is 700 feet above sea level. 


and the head 28 feet below curb. The date of completion, 1890. 


Record of strata in Isaac Bell well at Denmark, 
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Fort Madison.—Fort Madison (population, 8,900) is sup- 
plied by a water system owned by the Fort Madison Water 
Company. Water is drawn from the Mississippi and pumped 
to a reservoir with a capacity of 6,000,000 gallons. The con- 
sumption amounts to 1,500,000 gallons a day. The domestic pres- 
sure is 60 pounds and the fire pressure from 120 to 130 pounds. 
There are 130 fire hydrants and 750 taps. . : 


The geologic horizon of the chief water bed at Fort Madison 
is doubtful. (See Pl. XII, p. 618.) The rock is called by drillers of 
southeastern Iowa the ‘‘Saint Peter sand rock,’’ but all sam- 
ples submitted are a sparkling brown dolomite sand. Such 
cuttings have often been supposed to represent sandstone, even 
when, as at Fort Madison, quartz sand is entirely absent. The 
rock yields a bountiful supply of water, and probably on this 
account was designated the Saint Peter by drillers. In this 
part of the state, however, few wells reach that famous sand- 
stone aquifer. 


The water-bearing dolomite has the characteristics of the 
Galena. It is overlain by a shale which, when compared with 
the sections of neighboring deep wells, appears to represent the 
Maquoketa. For these reasons it is assumed to be the Galena. 
The large yield may be compared with that from the same bed 
at Davenport. 


It is not impossible, however, that the dolomite is Silurian 
and that the so-called Maquoketa shale is really a basal shale 
of the Devonian. In support of this theory is the fact that 
Silurian rocks yield largely at Keokuk and supply the less deep 
wells at Burlington. The limestones above the so-called Ma- 
quoketa are nondolomitic, but at Burlington the Silurian con- 
tains little dolomite. 


Artesian water at Fort Madison is exceptionally destructive 
to casings, so that the wells soon lose pressure and cease to flow 
because of leakage. The latest well drilled, however, registered 
30 pounds in 1908, indicating that the local field is still far 


from depletion. Assuming that the water bed supplying the 


wells is the Galena, there remain untouched the large stores of 
water in the Saint Peter and underlying formations. 
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The 8. Atlee well is 740 feet deep and 6 to 41% inches in di- 
ameter; 6-inch casing to rock at about 110 feet and 4% inch to 
water bed near bottom. The curb is 553 feet above sea level. 
The original head was 85 feet above curb and the present head 
is stated to be the same. The temperature of the water is 64° F. 
Date of completion, 1889. The water is so corrosive that the 
easing lasts only a few years. Thus, in 1901, the well had 
ceased to flow, but a pressure of 35 pounds was re-established 
by recasing. It was recased again in 1904. The water supplies 
a fountain at Mr. Atlee’s residence, a public fountain in the city 
park, and a drinking fountain on one of the principal streets. 


The S. and J. C. Atlee lumber mill well is on ground about 
20 feet lower than the house well of Mr. S. Atlee and is 20 
feet shallower. In other respects the wells are apparently 
similar. 

The Ivanhoe Park well is 670 feet deep and 6 inches in 
diameter. The curb is approximately 563 feet above sea level 
and the head more than 12 feet above the curb. The well was 
completed in 1888 by Tweedy Brothers of Keokuk. In 1896 the 
well had stopped flowing. It was then recased with 4-inch 
pipe and the flow was restored. Still later it became clogged, 
but on treatment discharged considerable black muddy sedi- 
ment and flowed freely as before. In 1905 it was plugged up. 

The Brown Paper Company well No. 1 is 689 feet deep and 
6 inches in diameter; casing, 175 feet. The curb is 528 feet 
above sea level. The original head was 20 feet above curb and 
the head in 1895 was the same; head in 1905, at curb. The, or- 
iginal flow was 600 gallons a minute, the water coming from 
about 680 feet. Temperature, 62° F. Date of completion, 1888. 
Drillers, G. W. Adams & Company. In 1894 a 4-inch casing, 
inserted as the outer casing, had given way. Some time after 
1905 the casing again gave way, the well caved in, and was 
abandoned. 

‘The Brown Paper Company well No. 2, located 12 feet from 
well No. 1, has a depth of 689 feet and a diameter of 8 to 6 — 
inches; cased to bedrock. The head in 1905 was 20 feet above 
curb. The water comes from depths of 100 and 679 feet. The 
well was completed in 1903 by Haggerty & Skog of Keokuk. 


= 
, 
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The Brown Paper Company well No. 3 has a depth of 681 
feet, and a diameter of 8 inches to 153 feet, 7 inches to 165 feet, 
and 5 inches to bottom. The curb is 528 feet above sea level. 
The head is variously reported at 20 and at 80 feet above curb 
and flow variously reported at 200 and 600 gallons per minute. 
The water is from a depth of 607 feet; temperature, 65° F. The 
well was completed in 1907 by Haggerty & Skog of Keokuk. 


To obviate the difficulty experienced in well No. 1 from the 
rusting of the casing and the caving of the alluvial sands 


_ through which the well passes, a method of casing hitherto un- 


used in Iowa was employed. The well was cased with an 8-inch 
easing to bedrock at 153 feet. A 5-inch pipe was then inserted 
to the base of the 7-inch hole, 165 feet from the top, and there 
packed with rubber spring packing. To hold the inner pipe, 
central stud bolts, extending out so they barely slipped inside 
the outer casing, were placed on the inner pipe at intervals of 
30 feet. Cement, composed of one-half pure Portland and one- 
half sharp sand, made thin enough to flow through an inch pipe 
was then poured into the space between the inner and outer cas- 
ings, the pipe being gradually withdrawn as the filling pro- 
gressed. To the depth, then, of 153 feet the well is lined with 
a shell of Portland cement 114 inches thick, held between two 
iron casings. 


Driller’s log of Brown Paper Company well No. 3, Fort Madison. 
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The Atchison, Topeka & Santa Fe Railway hospital well 
had a depth of 764 feet, but was deepened in 1903 to 865 feet. 
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Diameter, 6 to 4 inches; 6-inch casing to 184 feet; 200 feet of 4- 
inch casing. The curb is approximately 553 feet above sea 
level. The head in 1905 was 6 feet above curb; head in 1908, a 
few inches above curb. The well was completed in 1892 by 
Tweedy Brothers of Keokuk. The pressure was originally suf- 
ficient to carry the water to the third floor of the hospital. In 
1902 there was a sudden loss of head, and the deepening and 
recasing of the well in 1903 made but slight improvement. The 
well discharges through a fountain into an artificial lake on the 
grounds of the hospital. 


Drillers’ log of railway hospital well at Fort Madison. 
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The Atchison, Topeka & Santa Fe Railway shops well is 
700 feet deep and 814 to 614 inches in diameter; 814-inch cas- 
ing to rock at 80 feet; 150 feet of 614-inch casing. The curb is 
522 feet above sea level and the original head and head in 
1908, 69 feet above curb. The flow is 300 gallons per minute, 
water coming from about 650 feet. The well was completed in 
1906 at a cost of $1,500 by Haggerty & Skog. The water flows 
into a tank over the well, the top of the pipe being 38 feet above 
the ground; thence it is piped to the variqus buildings and the 
yard of the Santa Fe shops. 


o GS Fe 
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Record of strata in railway shops well at Fort Madison. 
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The State Penitentiary (439 inmates) is supplied from a 
well 100 feet deep and 4 inches in diameter. One hundred 
thousand gallons are used daily for all purposes. The maxi- 
mum supply which can be drawn is 400,000 gallons in 24 hours. 
The water does not corrode the boilers, but gives some trouble 
where hot and cold water come together in pipes. 


The well was drilled in 1905 and is cased with 4-inch wrought- 
iron pipe to the water bed, quicksand at 98 feet. Water rises 
within 18 feet of the surface, which is 21 feet above the level of 
Mississippi river. The temperature of the water in August 
is 54° F. Water is lowered on continuous pumping to 21 feet 
below the surface. 


Keokuk.—Keokuk (population, 14,008) is supplied with water 
drawn from Mississippi river and filtered, the system being 
owned by the Keokuk Waterworks Company. The daily con- 
sumption is 900,000 gallons. The distribution is direct; the fire 
pressure is 140 pounds, and the domestic pressure 60 pounds. 
There are 28 miles of mains, 142 fire hydrants, and 1,700 taps. 

The well of the Kertz Brewery is 700 feet deep. Its curb is 
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600 feet above sea level. Temperature, 65° F. This was the 
first artesian well drilled in Keokuk and it is still flowing, but 
has not been used for about 25 years. 


The J. C. Hubinger & Company well No. 1 is 2,230 feet deep 
and 10 inches in diameter. The curb is 637 feet above sea level. 
The original head was 30 feet above curb; the present head is 
unknown. The original discharge was 300 gallons a minute. 
Temperature, 65° F. 


The J. C. Hubinger & Company wells Nos. 2, 3 and 4 are 2,000 
feet deep and 12 to 10 inches in diameter. The curb is 637 feet 
above sea level. The original head was 30 feet above curb; 
present head, about at curb. The original discharge of the 
three wells combined is 1,700 gallons a minute. 


These wells are situated on a bluff overlooking Mississippi 
river and discharge into an artificial lake which covers the top 
of at least two of the wells. From this lake the water was or- 
iginally carried in a chute down the face of the bluff about 130 
feet and was utilized in running two dynamos for furnishing 
electric light to the city. In 1894 the discharge of the four 
wells had fallen from the original amount of 2,000 gallons to 
1,500 gallons a minute and in 1894 to 900 gallons. At an un- 
known date, but earlier than 1905, well No. 1 had ceased to 
flow and had been closed. The other three wells still supplied 
the artificial lake in 1905, the surface of the water being prac- 
tically on a level with the top of the casing of one of the wells. 
In 1908 it was reported that the water level of the lake was 
gradually falling. The head of water necessary to supply the 
lake is somewhat more than 140 feet above high-water level of 
Mississippi river at Keokok, so that wells of this depth drilled 
on low ground would still develop enormous pressure. 
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Record of strata in Hubinger well (Pl. XIT, p. 618).* 


aGordon, O. H.: Am. Geologist,vol. 4, 1889,p. 238; assignment of strata to formations 
by author. 
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SCO SESS Se re ee ee ee 65 855 
Limestone Ee eee see Sain Sarat ceca ke ede atabo same Oaeibceetetiedomam 10 365 
RSETNG Bt Se rete sores ee daa ocean eee 195 560 
Devonian and Silurian G77 feet | thick; top, "77 feet above sea level): 
aR a a oe ee ene a 65 | 625 
a sp ah a yal ee A A a A Re ae 20 | 645 
EET CTED Ips estes ares SS TS i Te aE ello ee ea a I 55 700 
I So era nee cn mmnsenanes dace ccasmeasneenh 87 737 
Ordovician: 
Maquoketa shale (63 feet thick; top, 100 feet below sea level)— 
pe ape aa a cI SS a Rc a a Ope a a 63 800 
eal) and Platteville limestones (140 feet thick; top, 163 feet below sea 
level) — 
ite ENT GRO ee ee a a eee ee ee 140 940 
Saint Peter sandstone (110 feet thick; top, 303 feet below sea phd: 
BEMELONO) 2-5 oe ieee 110 | 1,050 
Prairie du Chien stage and underlying ‘Cambrian ry (175 feet. penetrated: - top, | 
413 feet below sea level)— | 
imestone, alternating with sandstone —_.....-2-..-.-_.-._..--.-...-..=-=. 755 1,805 





The Hubinger Tile Works well is 800 feet deep and 6 inches 
in diameter. The curb is 620 feet above sea level and the or- 
iginal head 47 feet above curb. Temperature, 50° F. 


The Rand Park well is 1,800 feet deep and 5 inches in diam- 
eter. The curb is 637 feet above sea level. The temperature of 
the water is 60° F. This well seems to have been drilled earlier 
than the Hubinger wells and on their completion it nearly ceased 
to flow. It is now pumped by a Rider-Ericsson engine. 


The Keokuk Pickle Company well is 710 feet deep and 4 inches 
in diameter; casing to 611 feet, packed with rubber. The or- 
iginal and present heads are 35 feet above curb, and the original 
discharge was 250 gallons a minute. Water comes from 530 feet, 
flowing from 635 feet. Temperature, 64° F. Date of comple- 
tion, 1892. 
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The Keokuk Poultry Company well is 700 feet deep and 6 
inches in diameter; casing 60 feet, with rubber packing at base; 
repaired in 1900, replacing casing which had rusted out. The 
curb is 541 feet above sea level; the original head was 4 feet 
above curb; the present head is reported to be 40 feet. The or- 
iginal flow was 250 gallons a minute; present flow, 1,000 gal- 


lons. Date of completion, 1895. Drillers, Tweedy Brothers, 
Montrose. 


Record of strata in Keokuk Poultry Company’s well. 





@ Record made by Mr. George W. Crofts, Keokuk. 














| Thickness. Depth. 
Feet Feet 

Drift, promiscuous. materialoic2 2 $22 oo ee eee 5 5 
Limestone, magnesian —ic.iu2. 0 Ue ee ee eee 2 i 
Dolomite (magnesian limestone) in which lime carbonate predominates___-___- 5 12 
Dolomite, cherty. 2-22.23 wa ee eee ‘ 5 17 
Dolomite, in which magnesium carbonate predominates___-_---____----_----_--- 18 85 
Limestone; slightly siliceous 2:22.00 eS eee 15 50 
Limestone, rather highly ‘silieeous£2s..- 2-2 eee 18 68 
Limestone, light colored; rather pure; slightly SiliceOUS 2. 25a ee 30 . 98 
Limestone, gray; rather highly siliceous ..2- ote ee a ee ee 23 121 
Limestone, gray;. slightly’ mixed with: shales 2-2 a eee 14 135 
Dolomite; large amount of chertc...-2. 2.2L eee 11 146 
Chert, mostly; and. fossil limestone 2 eee 19 165 
Limestone and white sand ‘(siliceous Hmestoné) ===. 22220 oo eee 17 182 
Limestone with chert; slightly siliceous.<2—-- = See 5 187 
Shale, almost: purés 225-222 ee a ee 10 197 
Shale, - blue; highly’ siliceous. -3._- 2 So ee 6 203 
Shale, almost pure... ee ee 5 208 
Limestone, gray, quite: pure-—.--_=- == an Se 17 225 
Dolomite, in which magnesium carbonate greatly predominates_____-__--____ 46 271 
Limestone, light colored; ‘almost puré__- 2. 2-2) eee 19 290 
Shale, blue, would weather into a tenacious clay_-_..-_-----_-_-----_-_-_-________ 73 368 
Shale, bituminous 22-2-. 24 2285-3 2 eee eee eee pee 39 402 
Shale, gray; would weather into a tenacious clay__----_---- .-____.___--__--__--.. 94 496 
Limestone, light colored; almost pure; two samples___---.--._-_________— 25 521 
Limestone, gray; almost: pures 2 en eee 60 581 
Limestone, ‘sili¢eous) 22222222522 = SoS Soe a 47 628 
Sandstone. gray, calcareous: yields traces of iron _..--..— =. —-- eee 73 701 





The Young Men’s Christian Association well has a depth of 
769 feet and a diameter at top of 6 inches; casing to 56 feet. 
The curb is 580 feet above sea level and the head 50 feet above 
eurb. The original discharge was 350 gallons a minute; dis- 
charge in 1905, 60 gallons a minute. The principal water bed 
is at 700 feet. Temperature, 64° F. The well was completed in 
1902 at a cost of $1,600, by D. W. Haggerty of Keokuk. The 
water is used for drinking and to supply a swimming pool. 


u 
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Driller’s log of Young Men’s Christian Association well at Keokuk. 


















Thickness.| Depth. 
Feet | Feet 

ge nn on can deta ne se oe eae esac bewnsmasnwecbanwe 15 15 
a oS ee a ata) eae, ao eet 15 380 
Pn eee ae ee ee ee a eneemennce 20 50 
i I see So 8 ee ee a ce ee 10 60 
OE ee ee eee ee ee ee ee 16 76 
EIST pA a es Se ee eee ee 6 82 
Flint; solid bed......... 8 90 
Flint and blue lime_____ 26 116 
Lime, white, and flint--_ 46 162 
ESS a Lee eee eee eee 38 200 
a a ra ee a Rey sep ae ee a OE 15 215 
i re ne a i cde otek 5 220 
a ab le les a a A le IES a A TS ep os 4 224 
Sl SE IS a ae ee ee 8 232 
ay A I ey a cy eg i ope 28 260 
CE TCTORED) Gos eee ee 5 ew ee Ee eee eae ienneecicam 42 802 
a ne oon oe ee te are ne eee ae ea eee 12 314 
ee on ee a aa caw aa eawaen ea ee ceanaeenascne 90 404 
Nn UT OW Mss) 2 a 125 529 
ee Se ral ee ae eons Sa oemeacwenacce] 16 545 
a ag ae le i IE aS ered a ie oo ly ee ee a 100 645 
IESE LOT oe Se ee oe re Se eae ane ceew came eee en 30 675 
I Te ee oe 5 Ss kn cen Sein en ee eee aeensamenen 94 769 





Record of stratu in Young Men’s Christian Association well at Keokuk. 














Thickness.| Depth. 














Feet Feet 
Olay, somewhat sandy, yellow, noncalcareous_-_---__-..---.--------------------- 15 15 
IRE OGG, re oes ee er ee es 5 20 
Shale, light blue, caleareous, some broken pieces of milky quartz in concreted 

a aces pp Ss eg ee SR = ee a eee 10 30 
Shale, blue; in fragments; flint, white, in angular chips; limestone, very soft, 

Sn es a eS a re eee eee ee se 20 50 
Limestone, white, soft, crystalline, in large flaky chips; cuttings of shale_- 10 60 
Limestone, as above; 2 samples; encrinital______.-_-_____- eb eee eee os 16 76 
DeemeeanieOr light yellow Jimestone.—......--.__-_-.-_ +s 4 80 
Limestone, light yellow; moderately slow effervescence; soft, earthy, in large 

DIICIBMRIUO-CTnoe (tilts 9s 2 on oe ee 8 88 
Limestone, soft, nonmagnesian, white and drab mottled; earthy to crystalline; 

IES TOR 110) Gp ee ire es Are er od Te ee tc eweeeeee 12 100 
Piewitites some crystalline quartz......_-...-.--...------_---.---=..----.---- 16 116 
Pires licht yellow. limestone...-.......-.......-.---__-~-_.-<22--2---=s- 6 122 
Chert, bluish white; sand of light colored nonmagnesian limestone_----.-------- 10 | 132 
Limestone, white, encrinital, cherty; 3 samples_.....--_-_.__---.---_.--------.- 18 | 150 
Limestone, white, minutely granular, soft; composed of minute loosely ce- 

; SeeCrmUHIOe Crystals: some chert.....-...-_ 22. 22-2 = nn gene cnwn ane 12 162 

mamieacone.s white, encrinital: much chert.--.........--...-.-.---.....-....-...- 14 176 
Mien piue: white; some white limestone_..._____-........-__-____.-.-._. 6 182 
Chert, white, and siliceous limestone; 2 samples 23 205 
imestone. soit, white; earthy to crystalline.---__-___.-.__._-.-.-_-__-._-____<. 10 | 215 
Limestone, drab, nonmagnesian, soft; encrinita]__..--.._--.._---.-.----_----_--_- 5 | 220 
era blo.) |. plastic. --—. Sos as ee 4 224 
Sandstone, blue-drab. earthy, fossiliferous, slightly caleareous; composed of 

muerencopie: angular quartzose. particles......._.--...--..._.--------.1.-----=. 8 282 
Limestone, white, soft, nonmagnesian, earthy; residue siliceous; some darker 
EIEIO SITS 100 ens oe ce ee 8 eae eee eae 36 268 
Sandstone, drab, argillaceous, calcareous, soft; in flaky chips, chiefly com- 

posed of microscopic angular particles of quartz_.--.-----_.-.._--_.----.-_. 84 802 
Shale, blue-gray, hard, siliceous, calcareous; in chips__--.-------.------------- 12 314 
Shale, brown, somewhat calcareous, bituminous_-.-----------.-----__----------- 76 390 
eae’ Diastic,. CalCATeOUS:.....-2-—-— nan epee deen ak 30 420 
Limestone and shale; small chips and sand of nonmagnesian limestones, some 

crystalline and yellow or drab, some dark and argillaceous, many frag- 

ments of blue-gray and olive-gray shale in large flaky chips; pyritiferous, 

fossiliferous; driller’s log: .‘‘404-529, white or light brown shale’’__.-.____- 112 532 
Limestone, light blue-gray, nonmagnesian, compact, fine-grained; in thin small 

; Ls Ee eS ee ee ee en en 108 640 
Dolomite, brown, hard, crystalline; in coarse sand but containing no quartz 
pane ee eand Tock’ Of driller’s log; 2 samples._...-2_..-_ =...-.-.-.---=-.= 60 700 
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The 8. C. Carter Company’s well has a depth of 661 feet and 
a diameter of 6 inches; casing for 12 feet. Rock at 16 feet. The 
flow is 5 gallons a minute, and the pumping capacity 30 gallons 
a minute. Water was found at 130 feet, but the main horizon 
was in the basal sand rock. Temperature, 61° F. The water 
is unfit for use in boiler. Date of completion, 1903. Driller, 
D. W. Haggerty of Keokuk. 


Driller’s log of S. CO. Carter Co.’s well at Keokuk. 






























Thiekness.| Depth. 

é Feet Feet 

@Glay “and soil... 2k Se eee ee ee are ee 16 16 
Shell rock) 2 oaaeoeeee 6 22, 
Limestone, blue 20 42 
Limestone, brown 10 52 
Limestone, white 8 60 
iuime,. blue, and flintic 20s Be ee ee eee 26 86 
ime, white, and flint. 22-222. 2s ee eee 46 132 
Dime, «gray, and fints.26 22 38 170 
Mime, DWC ocnacconcnan. os sea eee to ee ee 20 190 
Sand rock, dark, yielding 5 gallons of water a minute_____-_-_____-_--__--__.___ 5 195 
Shale, blue o1.--= 222 eee ie ee ee eee 4 199 
Sand rock, dark 8 207 
Lime, - white: 2242 ee ee eee eee 42 249 
Shale, blue and black 117 366 
Shale, white \c2. 22222220 Soe ee ee 135 501 
Time, black *..322283 2 cee aa See an ee 35 536 
Lime, gray or light 2.8222 ee ee ee eee 112 648 
Band Tock =--=s...22he2-222535028bb see ee ee eee 13 661 





The log of the Popel-Miller Brewing Company’s well, three 
miles south of Keokuk, is given to assist in the elucidation 
of the difficult geologic section in southeastern Iowa. The in- 
formation was secured by J. A. Udden. The curb is about 523. 
feet above sea level. 


Log of Popel-Miller Company's well, Warsaw, Illinots. 


















Thickness.| Depth. 

Feet Feet 

Soil*and clay drift. 252.22 ee ee 40 40 
Limestone,. blue... and: shale: --t5--3-- 6 ae ee eee eee 15 55 
Livie rock; blue. 2..255.25.22 ss 2 ee ee. eee eee eee 50 105 
Gime vand. ority os see ete ee 25 130 
Grit. cand ‘fire claync.20.2.2 8 ee ee ee ee ee eee 10 140 
PAmMestone; +fTAy | .oesenn cece eee ee eee 45 185 
poapstones (piney ic. = fees ee eee ee 30 215 
Sandstone, . ses. 25>. a— oo sons 19 234 
Lithograph rock, light 46 280 
Lithopraph =rock, wdark. —~. 26s ee ae ee ee ee 10 290 
Limestone; bastard: *.-<4ss622. 53 ee ee eee 6 296 
Soapstone 2-232) Jee eke Se ee oe ee a ee 69 865 
Shale, “brown 22:40. 2-2 Se ee a ee ee ae eee 40 405 
Shale: 2022202 oe a er ee ee 99 504 
Timestonel 2.3. c2 26 ee oe ee Se chee eee ee 126 630 
Sandstone. 222220 28522) 3} eke Se ee ee ee ee eee 182 812 
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Montrose.—At Montrose (population, 708) water is obtained 
from driven wells ranging in depth from 20 to 50 feet. At 
Bluff Park is a well 1,960 feet deep. The curb of the well is 
680 feet above sea level and the water originally rose 9 feet 
above the curb; in 1896, the water stood 10 feet below the curb. 
The original discharge was 200 gallons a minute, the water com- 
ing from a depth of 800 feet. 


Mooar.—At Mooar (population, 250) the E. I. du Pont de 
Nemours Powder Company well is 800 feet deep and 6 inches 
in diameter; casing to 600 feet. Water from 110 feet, heads 3 


- feet below curb; from 240 feet, 5 feet below curb; and from 800 


feet, overflows. The discharge, original and present, is 165 gal- 
lons a minute; temperature, 67° F. Date of completion, 1901. 
The well is about five miles northwest of Keokuk and no doubt 
draws its copious supply from the same bed that yields so gen- 
erously to the Keokuk wells of the same depth. It is said to 
deliver a good stream of water, which is used for watering 
stock on the farms through which it passes for four miles to 
Des Moines river. 


Mount Clara—The W. J. R. Beck well at Mount Clara is 939 
feet deep and 6 inches in diameter. The curb is 679 feet above 
sea level. The original head was above curb; the present head 
is 12 feet below curb. Original discharge was 200 gallons a min- 
ute, capacity being limited to that of the pumps. The main 
water bed extends from 889 to 939 feet, the water being sufficient 
for farm purposes by pumping; other beds are from 250 to 343 
feet, 660 to 793 feet, and at deeper levels. The well was com- 
pleted in 1890. 
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Record of strata in well at Mount Clara (Pl. XII, p. 618). 


(Based on drillers’ log.) 








| 7nrexness. 

Pleistocene (305 feet thick; top, 679 feet above sea level): Feet 
LOL hig eee hae eee moe ep eintn Ne al ee 250 
BANG oo east ao deere ence ie eee eee ae ne 5D 


Carboniferous (Mississippian): 
Osage stage (38 feet thick; top, 374 feet above sea level)— 





Limestone, white --- 25 
Shale, white -------- 8 
LimestOue n+ =.-3 keane esa sean pee se sa ue eee ee 5 
Kinderhook stage (825 feet thick; top 336 feet above sea level)— ~____-_-__-___ 325 
Devonian, Silurian, Ordovician (?): 
TAMEStONe » 2-122 L225- Lhe ewe nee ee ee : 115 
DOs (nena n ann no se ec eee ee ae ee ee ee 10 
Limestone, flinty: 2225205) i ee 25 
DAMestOne.. 22a ee oe owen ee ete eee 40 
Limestone, hard c2...s22 a ae eee eee 5 
Samples. washed away. .~---..<---.-_—_-- 2. eee 76 





Depth. 


305 





Minor supplies—tInformation concerning water supplies in 
the smaller towns and villages in Lee youn is presented in the 


following table: 


Village supplies in Lee County. 














|pepth of wells t! be 5 Hane OE 
Olag Chas 
Town Nature of supply OY eee e 

7 Ss és g22 |-s3 am 

5 BS! | eee oe te 

e, J OF A BE D 5 Qa 5 

Feet Feet Feet Feet Feet Feet 
peltast. ooo -es Dug and drilled wells___-_____- 16 275 80 jcc 6 45 
Charleston -...-| Wells and cisterns —_----.-..-- 20 200: 202 alee eee aD (Seesee-5 
Cottonwood 224)/ Wells S20 2.2 ee eee 25 DOB | mem mi ll Sm 
Oroton: 2-2 See Wells::and. springs. 2: ..25.-022.- 14 20 12 20 then cwone sees 
PLAT OLrew heer Bored or drilled wells___-.---_. 15 500 05° |= eee 6-20 30-90 
Overton)". —5 Onen Welles. sce. se ee 18 300, 20 30 16 20 
Primrose __-_-_ Open and bored wells__--_---_- 20 50 = 18 13 20 
Sawyer) =. 22s Bored and drilled wells_-----__ 14 200 100 50 4-20 50 
Summitville: 222) ‘Open: wells! =a. -2— ee 20 60. |--5.2. 22) See 6 20 
Warren .2-- 2. Weells.2 eee es oe eee 18 400 | 70-100 |__--______ 12 60 
West Point -.-.| Bored and drilled wells_---__-- 20 350 90. 22 12 20 
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WELL DATA 


Typical wells in Lee County. 
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- The following table gives data of typical wells in Lee county: 








k 


Owner $ Location 


Depth 
Depth to roe 





iSE.3 NE.3 sec. 33 


SE.2 a ie sec. 27 265 98 
|SW.2 NE. sec. 265 | 165 
23. 


SE. NE. 4 sec. 16 SG ee wee 


ei SW. sec.) 254) 115 

NEG SE.3 sec.19| 154 |__._.. 
SW.3 NW. sec. 180 eens 
lswa NW. sec.| 244 | 126 
NES NE.% sec. 29] 175 |-.---- 
Sandusky -------- 160| 36 










Hollings- 





Soap Creek, Keo-| 420 10 
kuk 





hstem and|Keokuk ___---_--- nT pies 


Nelson _... (4S (ea yA Gs > 
Medicine|... do .......-.. 300 20 


[. Trimble___. 1 mile northwest 118 | 100 
| of city limits, 
Keokuk. 
Jones ----/3 miles northwest 140 ese 
of Keokuk. 





of Summitville. 











Depth to --— 
water bed 


= 
aH ° 
9 3) 
o _ 
ix SQ 
5a OH 
A eke 
mn? q 


Remarks: 
(Logs given in feet) 











250 


200 
95 





ee ees 


Sandstone_| 14 


Crevices 1n|..__-. 





limestone. 
Sandstone. |______ 
Os st le-see= 
Reis Se 60 
Gravel_._-- 45 
eee tS 2 50 





Sand andj. 109 


Des Moines river bot- 


toms. 


Sand from 100 to 136. 


Hill. 
Valley. 


Bluff, about 150 feet 
above Des Moines 
river. 

Diameter, 5 inches; 
soil, 10; limestone, 
180; white hard rock 
(cuts drill, could drill 
but 38 feet in 10 
hours), 34; lime- 
stone; sandstone, 
shale (Kinderhook), 
from 380 to 420. 


Capacity, 8 gallons per 
hour (?) ; diameter, 
6 inches; soil, 20; 
brown limestone; 
white limestone and 
shale; white lime- 
stone (at bottom), 


Blue clay; sand; coarse 
gravel. 

Clay; sand; limestone; 
flint; sandstone. 

Clay; sand and gravel. 


Diameter, 6 inches; ca- 
pacity, 20 gallons per: 
minute; yellow clay; 
blue clay; sand and 
gravel. 
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Typical wells in Lee County—Continued 
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Owner 


County Farm ---- 


T.66N., R. 6 W. 
(Part of Des 





Location 


4 mile se. of Sum- 
mitville. 


Moines). 
Lowry ----\SE. 1 NW. i sec. 
22. 
T.66 N., R.5 W. 
(Montrose). 
Tweedy Brothers-|See, 22 __...-.-. 


William Fowler -- 


Thomas Joyce --. 
PGi Nay Ba 4 Ne 
(Madison). 
High School --_- 


Canning factory - 


“State penitentiary 


.— Hoffmaster.. 


Mrs. Heitz 


T.68N., R. 4 W. 
(Washington). 


John Cook ------ 


T.69 N., R.4 W. 
(Denmark). 


James Conaro -_- 





NW. SE.2 sec. 6 
NW. SE.#2 sec. 


i lyf 

NE. 4% SW. sec. 
20. 

NW.% SW. 3 sec. 
15. 

12 miles north of 


Keokuk. 


Fort Madison -- 


Near penitentiary_ 
Fort Madison. 


Fort Madison --- 


2 miles south of 
Denmark. 


Denmark 





190 


2385 


112 
145 


265 
240 


272 


134 


181 


315 


418 


49 


Depthto rock 


Feet 


50 


100 








Depth to 
water bed 


yy 
@ 
® 
ot 


215 





= 

a iS 

° o 

ae = 
oa | 32 
52 aH 
on oo 
Ne | me 
Feet 
Gravel.ssc|seseae 


Limestone-|.----- 


Sand 223.22) ssee 
sey (5) 


172 
gravel. 


ee ee 


Gravel-__-_- 














Remarks: 
(Logs given in feet) 


Yellow and blue clay 


to 125; dry reddish 
sand, 125-212; gray 
sand; gravel; water 
soft. 


Sand and clay, 29; al- 
ternate strips of sand 
and blue till, 40; sand 
at 140; ended in 
sand. 


Water comes in grad- 
ually in 20 feet of 
limestone at bottom 
of well. 

Foot of bluff. 

Upland. 


Creek bottom. 


About 50 feet above 
Mississippi river. 
Blue clay; sand and 
gravel. 


24; 
sand 


Loam and sand, 
blue till, 108; 
and gravel, 2. 

Diameter, 4 inches; 
sand, 20; blue clay, 
57; quicksand with 
water, 4; blue clay, 
14; rock to bottom. 

Till, «; sand, gravel, 
and blue till, 65: sand 
and gravel, 25. 

Soil and sand, 12; blue 


till,128; gravel and 
sand, 6; limestone at 
bottom, 11. 


Yellow drift, 27; blue 
till, continuous with 
the exception of one 
thin sand bed, 260 
feet; gravel, 28; on 
bluff. 


Drift, 100; limestone, 
155; alternate lime- 
stone and shale, 10; 
ee (Kinderhook), 
153. 


Kae cca|eanceteonn = |encann| LOOSSs Us) DIOWHi lets 





re soil,5; yellow till, 


a 






ne 


Location 


GCs ae 


-_-------~ ..!---- UO ---------- 


South Augusta —_ 











sh ......./2 Miles east, 1 

J mile south of 
Denmark. 

jer ______|3 miles north of 
ie Denmark. 


8 miles northwest 
of Denmark. 


os |2 miles east, 3 
Schindstalk mile north’ of 


Houghton. 
% mile east of 
Houghton. 
Saint Paul 


ok 1 mile east of 
ee—-—---| Saint Paul. 


@ 


[Skettis Ke Wie ae ae 


3 miles west, 1 
mile north of 
Denmark. 


ah ee 





59 


438 


230 


82 


265 


375 


105 


131 





Depth to rock 
Depth to 
water bed 


i ee 
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Typical wells in Lee County—Continued 


Remarks: 
(Logs given infeet) 


Head below 
eurb 


Source of ¢ 
supply 


Feet 

<_-...|------|Loess,. 6; yellow ‘till 
(Illinoian), 20; gray 
mucky clay, 15; yel- 
low till (Kansan). 
soft; dark blue till 
with beds of sand, 
bearing water, 5. 
Gravel_____|------/Loam, 2; yellow clay, 
28; dark blue hard 
till, 14; gravel, 1, to 
limestone. 


Sand 


oa ee eee See Se ....--/Loess, 7; Illinoian till, 


94 | 124 |Sandstone_|------|Drift, 94; 


be eee 


Cee ool aa (5 Po ace sl Pee Drift, 





115 
and 
800 


wenn | - + ---- 


200 |Limestone_ 


28; mucky soil with 
wood, 2; yellow and 
blue till (Kansan), 
18; limestone, 4. 

60 |Drift, 80; limestone 
and flint, 85; shale, 
(Kinderhook), 273. 
limestone, 
80; sandstone, 9}; 
limestone, 84; shale, 
13; well a failure. 
Limestone- |------ Skunk river bottom 
near high-water level; 
dry sand and gravel, 
14; limestone, 68. 

60; limestone, 








205. 





65 |Yellow clay, 40; blue 
till, 40; sand and 
gravel, 20; 
dark blue till, 15; 
limestone, 260. 


we es Yellow clay, 45; light 
blue clay, 45; sand, 
14; dark bine till, 134. 
Sand) 22.2 a= Yellow clay, 94; sand 
bed with abundant 


Sandenaseac 





94.)3_.- a\itmestone|t-=-=— Yellow clay, 65; dark- 


od ae ciel 2G Foy) Soe | SR Yellow 


119 





Pepe ees Slee Season Loess, 


blue till, 29; 
stone and flint, 71. 
clay, 83h; 
“hardpan” from ce- 
ment, 13; limestone, 
50. 


6; old soil, 4; 
yellow till, 20; sand 
affording weak vein 
of water, €; blue till, 
33; sand and peat 
underlain by fine 
gravelly sand, 40; 
limestone, 12. 





Old soil ---|.__-_.|Yellow clay, 37; old 
soil, wood and leaves, 
13; Liue hard till, 13; 
water in old soil, ill- 
smelling, used only 
by stock. 


lime- ~ 
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Typical wells in Lee County—Concluded 








Owner 


Location 


Depth 


ir 


Depth to rock 


Depth to 
water bed 


Source of 
supply 


Remarks: 
(Logs given in feet) 


Head below 
eurb 





T.69 N., R.7 W. 
(Cedar). 


Geo. Woolman .-- 


Thaddeus Church. 
T. 68 N., R. 6 W. 
(Franklin). 
Chas. Blocksuth - 


Henry Tempsay - 





Near Hillsboro... 


Cottonwood 


5 miles southwest 
of Cottonwood 


8 miles south of 


Laurel. 


8 miles west of 
West Point. 


2 miles east of 
Locheen. 


14 miles north of 
Franklin. 





318 


523| 


72 


102 


100 


110 


104 


100 


32 





40 


70 


80 


98 





oes OO pees 


ET (a, 


Limestone- 


aesa GO none 


woeceasceccen 





asoaen Yellow clay, 





soft 
27; 


265 Yellow clay, 45; 
light blue till, 
dark hard till, 32; 
limestone, 154; soft 
white sandstone, 
water bearing, 41; 
limestone, 19. 
water, 1. 


------ Yellow clay, 40; light 


blue clay, 12; sand on 

dark blue clay, 13. 

86; light 
blue clay, 353; sand 
on hard dark blue 
clay, 3. 

60 Yield, 2 gallons per 
minute; rock, lime- 
stone; diameter 5 
inches. 


60 Yield, 2 gallons; water 
lowered 20 feet when 
pumped at that rate; 
yellow clay, 32; lime- ~ 
stone, 68. 

30 Yield, 10 gallons per 
minute; yellow clay, 
50; shale on fire clay, 
20; limestone, 38. 

60 Yield, 2 gallons per 
minute; water low- 
ered 12 feet when 
pumped at that rate; 
yellow cla and 
eee 40; limestone, 
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LOUISA COUNTY 
BY W. H. NORTON. 


TOPOGRAPHY. 


Louisa county includes on the east a continuous belt of low- 
land, the Mississippi flood plain, from one mile to five miles 
wide. A second lowland, traversed by Iowa river and for a 


- short distance by the Cedar, crosses the county diagonally from 


its northwestern to its southeastern corner where it joins the 
Mississippi bottoms. The second lowland is more than six miles 
wide at Wapello and more than four miles wide at Columbus 
Junction; it comprises the present flood plains of the rivers 
and also a broad alluvial lowland, which stands 20 to 40 feet 
above the river flood plains and is built of sand and gravel cov- 
ered with a thin mantle of loess. 

The flood plain of the Iowa has been cut in the once con- 
tinuous upland of the county and divides it into two areas, the 
eastern upland and the western. The surface of the former 
consists entirely of loess-capped Illinoian drift; that of the lat- 
ter consists of both Illinoian and Kansan drift, each veneered 
with loess. The two drift sheets of the western upland are di- 
vided in part by a marked topographic feature—a flat-floored 
valley one to three miles wide and forty feet deep, cut in Kan- 


| san drift from Columbus Junction to the southwestern corner 


of the county, and standing at an average height of 120 feet 
above the higher. terraces of the flood plain of Iowa river. 

The gently undulating surface of the eastern upland is diver- 
sified by the shallow troughs of the minor streanis and by a few 
long, low swells whose major axes run northwest and south- 
east. A singularly straight and unbroken escarpment, as much 
as 150 feet high, overlooks the Mississippi flood plain. 


The western upland, about equal in height to the eastern, is 
ridged by two parallel broad swells which run north and south 


near Cairo and are believed to be the terminal moraines of the 


Ulinoian ice sheet. 
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GEOLOGY. 


The Pleistocene deposits of the county comprise the loess— 
a yellow silt which covers the uplands and the higher parts of 
the river plains—and beneath the loess, three massive sheets 
of stony clay. The Kansan, a thick, tough, blue stony clay, 
weathered deeply to yellow and reddish, rests on a bed of sand 
and gravel 2 to 10 feet thick, known as the Aftonian, which 
separates it from the dense dark bluish stony clay of the under- 
lying Nebraskan drift. The uppermost stony clay—the Illi- 
noian drift sheet—appears on the eastern upland, where it is 
separated from the underlying Kansan drift by sands and old 
soil beds of the Yarmouth interglacial stage. The upper surface 
of the [llinoian drift sheet may be either weathered to a red- 
dish yellow or, where overlain by the decaying vegetable mat- 
ter of ancient soils, may be bleached to a whitish clay. Unlike 
the drift sheets on which it rests, the loess is soft and very 
easily drilled, and is quite devoid of pebbles and larger stones. 
In passing from the loess to the weathered stony clays the color 
distinctly changes to a brighter yellow. 


The Pleistocene deposits are underlain by rocks belonging 
to the Mississipian series of the Carboniferous, except over 
an area covering about 15 square miles in the northeastern 
corner of the county, where Devonian rocks may be expected 
beneath the superficial deposits. (See Pl. XIV, p. 660.) 


The highest beds outcropping consist of a succession of lime- 
stones and cherts and alternating beds of shale and limestone 
—the Osage stage—the thickness of the whole reaching 50 feet. 
The limestones belong chiefly to the Burlington limestone and 
form persistent beds recognized by the driller by their clean 
white color. The lowest beds outcropping belong to the Kinder- 
hook stage and comprise (1) limestones 15 feet thick which 
form a natural highway for ground water, (2) a less pervious, 
soft, bluish, fine-grained sandstone 16 feet thick, and (3) a blue- 
green basal shale or soapstone, practically impervious, the total 
thickness being as much as 180 feet. 


In the southwestern part of the county wells have encoun- 


tered sandstones belonging to small outliers of the Pennsyl- 
vanian series. | 
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UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


On the lowlands bordering the Mississippi river water is ob- 
tained from driven wells ending in heavy alluvial sands and 
gravels. Sand points sunk 15 to 20 feet find abundant soft 
water in what is called the first sand, and if bored or jetted to 
about 50 feet, enter a second sand. So abundant is the water 
drawn from these sands that at Wapello fve-inch driven wells 
about 20 feet deep are used as fire hydrants. 


Wells on the uplands draw water from several beds. The 
eastern upland, south of Letts, is traversed by a number of low 
east-west loess ridges with sandy nuclei that furnish water to 
wells of very moderate depth which supply near-by farmsteads. 
Locally, on ill-drained areas on both uplands shallow wells find 
water in the basal layers of the loess, but as a rule these beds are 
wholly unreliable and inadequate. Interglacial gravels under- 
lying the Illinoian, the Kansan, and the Nebraskan drifts con- 
stitute the main aquifers of both uplands, the most important 
being the Aftonian, which underlies the Kansan drift. On the 
eastern upland these interglacial gravels are the only source of 
water supply for deep wells. Here rock lies far below the sur- 
face and no wells are known to have reached it. A wide, buried 
valley underlies the eastern upland and both lowlands, the rock 
bed of which does not rise higher in places than about 400 feet 
above sea level. The deepest drift wells on this upland exceed 
200 feet in depth and show a succession of as many as three tills 
or stony clays parted by old soil beds and water-bearing sands 
and gravels. At only one point on the eastern upland, at its 
southern end, near Toolsborough, has rock been reported, and 
this one was at a depth of about 212 feet below the surface or 
443 feet above sea level. 


On the western upland the same drift aquifers occur, but by 
no means continuously. In the southern tier of townships and in 
Marshall and Elm Grove and parts of Columbus townships the 
drift is relatively thin, rock outcropping in many ravines and 
being reached by the drill on the divides at 40 to 120 feet. Some 
wells which show much deeper drift are supposed to indicate 
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ancient buried valleys, though none of these have been definitely 
traced. It is suggested by Leverett that the lower course of 
preglacial Washington river may probably cross the western 
tier of townships north of Columbus Junction. On the bluffs 
about Columbus Junction wells range in depth from 80 to 140 
feet and find water-in glacial gravels without reaching rock. 
Two or three miles west of town the drift is about 140 feet thick, 
and in the extreme northwest section of Columbus township 
wells from 135 to 150 feet deep end in water-bearing sands. , 

In the southern townships many wells find water in the lime- 
stones overlying the impervious floor of the shales of the Kin- 
derhook stage. The limestones of the Osage stage are excep- 
tionally pure and readily dissolved by seeping waters. Sink- 
holes on different outcrops, as north of Morning Sun, indicate 
well-defined underground waterways along joints and bedding 
planes. The perfection of the underground drainage and its 
confinement to definite channels renders the finding of such a 
channel by the drill somewhat uncertain. Several wells not 
finding water above the Kinderhook have gone deep into the 
dry shale of that stage, reaching total depths of 300 and 400 
feet. Where a well enters the shale without finding water it 
would probably be less expensive in the end and give better re- 
sults to abandon the drill hole and sink another well at a con- 
venient location near that of the first well. 


Where the limestones are lacking owing to erosion, and the 
shales form the bedrock, the case is far more difficult, and a 
careful search is necessary for the best location for a drift well. © 
This may in some places be found where the converging of ra- 
vines brings an unusual amount of seepage. 


The succession of strata and the probability of obtaining 
water from the deeper formations is indicated by the record of 
a prospect hole for gas on the land of W. W. Wagner, one-half 
mile west of Letts. (See Pl. XIV, p. 660.) The depth of this hole 
was 1,135 feet, and the elevation of its curb 698 feet above sea 
level. Water was noted at depths of 818 and 850 feet, heading 
65 feet below curb; at a depth of 1,025 feet the water raised 
the tools in the well, heading 42 feet below curb. The well 
was completed in 1903. 


UNDERGROUND WATERS OF THE SOUTHEASTERN DISTRICT 


Record of strata in deep boring at Letts. 


F oh hee in 
ee 
Quaternary (285 feet thick: top, 698 feet above sea level): 
Old soil, brown, clayey, empyreumatic odor---------------------- 90 
Sand, white, coarse; grains mostly quartz; a few of lime- 
RenmEnenuee Cee OC case e een eee ee ls Po 100 
RE IRMCE TT CU ES PAU Ol Ree a eee, Obese MA EN Re Ck <P 14 
Sand and clay, drab; in powder and compact lumps.----------- 17 
Sand, buff; most grains less than 1 millimeter in diameter--_- 206 
. Sand, orange, moderately coarse; gravel pebbles of chert, 
greenish quartzite, brownish quartzite, and shale-_-------.- 247 
Gravel; pebbles large, of brownish limestone, greenish 
quartzite, and a black: siliceous rock... 1..2.2.....--..-.-..---- 250 
Peeper cOmnse, PT a VG le tee ae aan Aa ee a ee 280 
Carboniferous (Mississippian): 
; ee nook stage (41 feet thick; top, 413 feet above sea 
' Shale, brown, rather hard, laminated, slightly calca- 
; ' reous, somewhat bituminous; in flaky chips-_--------- 285-290 
MMO mOlUCmeo Cn COUSs=- 92 sent ete a. cele en a Sees Oe 306 
Shale, as above; drillings mostly of coarse yellow 
sand; small pebbles of Archean rockS------------- 308-310 
Sand, quartz, bright buff; finer than above--------------- 312 
phale.. blue, calcareous, siliceouss__..-.--.=-.-.----—---=- 315 


Sand, coarse, buff; with chips of compact, hard, dark 
reddish brown limestone of slow effervescence, ap- 


PARE Ve pLe=CAM Dr lois ate eee ole ese wee eS 318 
: Shale, green, calcareous, rather hard; in chips---------- 319 
BomMeniena role Lee tees sc. see eee ee ee ee 820-325 


Devonian (187 feet thick; top, 372 feet above sea level): 
Limestone, blue-gray, porous; effervescence moderate; nests 


eh (ye Wh es ieee Rana aS SS ies ie ES oo 9 ae ga, ee Sa) pee eA 326-332 
Limestone, mottled gray, crystalline, earthy, rather soft; 
BRDie ln eirervesConces  mNWe hi Sand 2 --aecen nn nese ee een 342 
Limestone, gray, fossiliferous; rapid effervescence; soft; 
OWA H SM WAR ENS Sitar Cope agra a pee aa een SS ee ieee Sa eee ee ees 357 
Limestone, buff, highly fossiliferous; brisk effervescence---. 359-362 
Limestone, light gray, highly fossiliferous, soft-----.----.----- 373 
Limestone, white and blue-gray; soft; crystalline to earthy... 378 
. Limestone, blue-gray, hard; in flaky chips; nonmagnesian, 
dense, earthy luster; fine-grained; slightly siliceous------_. 383 
Limestone, light gray, fossiliferous; fragments of Brachio- 
pods, Bryozoa, and a few crinoid stems----__--------------~-.. 388 
Limestone, light drab, nonmagnesian, hard, crystalline----.. 425 
Limestone, blue-gray, hard, argillaceous, pyritiferous-------- 435-440 
Sandstone, light yellow-gray; calciferous; grains fine, of 
rae ballin oo Usd rt ain deesoes et cadacee ee ok sos Bocca dccwsescsudswwees 446 
MimnestOne, -yellow-sray, cherty.2.---- 2-2-2 -<2 5. as 443 
Silurian (157 feet thick; top, 235 feet above sea level): 
Limestone, buff, magnesian; in fine sand_.......--..---------—.. 463 
Limestone, magnesian or dolomite; brown, crystalline; in 
CS | et aca hs a OS Ee as Se ee ener 468 
Limestone; as above, very hard, siliceous_-_-------.-------..---- 480 
Dolomite, white, and light blue-gray; crystalline, vesicular; 
TOUS SUSATU DCS 0 co. ds ees nab ecnncoeea mene ao peaan ees ane Es 600-578 
Ordovician: 


Maguoketa shale (198 feet thick; top, 78 feet above sea level)— 
Shale, drab; in rounded cuttings, with fine yellow quartz 
Bande LY OM DONE ) Grants ne oe a eee en ceneera chee neen eee 620 
Shale, olive-gray; in hard, siliceous, calcareous cuttings 657 
Shale, olive-gray, hard, calcareous, siliceous; at 790 feet 
brown, green, and highly siliceous----...___-.--.---.-.. 720-810 
Galena dolomite to Platteville limestone (317 feet thick; top, 
120 feet below sea level)— 


Dolomite, buff, crystalline; in fine sand; four samples-_--. 818-855 
Dolomite, light buff, cherty; rounded grains, moderately 
fine, of clear quartz, apparently native_-_____.....--.---.- 875 
Gimestone, light. buff, cherty----.-.—-.2----.-.—------=_---.- 918-935 
Limestone, magnesian, dark buff--_----------------------------- 950 
Limestone, dark and light yellow-gray; rapid effer- 
MONGOTN COI l- to oon oars sateen iene oo can erate suse ana nee ese 960 
Limestone, gray, earthy, and brown, crystalline; rapid 
effervescence; cherty -------- oes ee ee 2 So Aeeee Sees Seen ay 1, 000 
Limestone, light brown; rapid effervescence; crystal- 
Airy cheer a as fw ek ES eee ee oe cose eses F835 oky i 4, 025 
: : : Shale, brown, highly bituminous----_---_.---------------------- 1,048 
: Shale, green, and limestone, gray, fossiliferous___-_---.---- 1, 063 
Limestone, gray; nonmagnesian; hard; in sand-------------- 1, 088 
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Limestone, buff, hard, with rounded grains of crystal- 
line, quartz jin .drillings.-2-2+. 22s 3 8 eee 1,095 
Sandstone: clear quartz, fine grains, many well rounded; 
but an unusual number ill-rounded or chipped; some 
gray limeStONne@) 22-22-88 ai selon ee ee 1,105 
Shale, green, hard, fissile, noncalcareous.-.—-~--.___________ 1,125 
Saint Peter sandstone (top, 487 feet below sea level)— 
Sandstone; grains well rounded, largest 0.75 millimeter 
in diameter; drillings red from superficial staining 
grains with ferric oxide==-22-2- 22. ee 1,135 





Analysis of rock from boring near Letts.* 











At 545 
feet 


At 833 
feet 














100.50 100.03 





"Made in chemical laboratory of Cornell College, Mt. Vernon, Iowa. 
SPRINGS. 


As the chief water-bearing formations are cut by the major 
stream ways, springs are by no means uncommon in the county. 
The alluvial gravels underlying the abandoned flood plains of 
Cedar and Iowa rivers discharge large amounts of ground water 
into the rivers and their tributary creeks by means of springs 
and seepages. Strong springs emerge from glacial gravels along 
‘the bluffs bordering the river valleys. In the southern tier of 
townships the creeks are fed by springs discharging from the’ 
country rock, the leading horizon here being the top of the shale 
of the Kinderhook stage. 


CITY AND VILLAGE SUPPLIES. 


Columbus Junction—At Columbus Junction (population 
1,185) water for the city supply is obtained from a well 16 feet 
in diameter and 20 feet deep, sunk in the sand and gravel of the 
flood plain of Iowa river a short distance below its junction with 
the Cedar. Although distant about one-fourth mile from the 
channel, the water of floods overflows the area of the well. The 
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supply is large and a distinct inflow is noticed from the up-valley 
side. The pumping does not affect two wells about 200 feet 
away. When the well was dug water could not be pumped out 
through a six-inch pipe as fast as it came in. The water is found 
in a bed of clean gravel and is pumped to a tank with a capacity 
of 57,000 gallons. The gravity pressure is 95 pounds and the 
fire pressure 140 pounds. There are two miles of mains, 15 fire 
hydrants, and 120 taps. The consumption is 18,000,000 gallons 
a year, the Chicago, Rock Island & Pacific Railway being a large 
consumer. The waterworks are owned by the town. 


Wapello.—Water for domestic supply of Wapello (popula- 
tion, 1,326) is obtained from city wells from points driven 20 
feet in the sands and gravels of the flood plain on which the 
town is built. So large is the supply that driven wells placed 
at intervals along the streets afford fire protection, being 
pumped by steam as from so many hydrants. Five drive points 
are attached by a five-inch pipe along the top. 


The depth of the principal water-bearing formations below 
Wapello (588 feet above sea level) can not be closely predicted 
because of the deformation of the strata. The southward dip 
of the strata is uninterrupted to the north county line, but south 
of this line the dip is reversed and the deeper strata are so 
upwarped that at Burlington they stand higher than at any point 
south of Cedar county. The limit of the southward dip, the 
position of the bottom of the trough, at which the ascent toward 
Burlington begins, has not been determined. The dip of the 
Saint Peter sandstone from West Liberty to Letts is 11 feet 
per mile. If the dip continues at this rate as far south as Wa- 
pello the Saint Peter should lie about 615 feet below sea level, 
or 1,203 feet below the surface; but it is possible that the dip is 
reversed north of Wapello and that the Saint Peter may be 
found 100 to 200 feet nearer to the surface. The depth of the 
old drift and alluvium-filled valley in which the channel of Iowa 
river lies is unknown. Possibly it may cut deep into the shales 
of the Kinderhook stage, whose base here should be about 
200 feet above sea level provided the southward dip con- 
tinues this far south of Muscatine county. Between the base 
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of the Kinderhook and the top of the next heavy shale, the Ma- 
quoketa, there are about 300 feet of Devonian and Silurian lime- 
stones in whose crevices water may be found should the drill 
fortunately strike them. Beneath the Maquoketa shale, the 
base of which lies here about 298 feet below sea level, are lime- 
stones with some shales (Galena to Platteville), which will prob- 
ably yield some water. The yield will be increased by water 
from the Saint Peter sandstone, which in this area seems to be 
exceptionally thick and may afford a supply adequate for the 
town. If it should not it may be necessary to sink the well to 
formations lying 500 to 600 feet below the summit of the Saint 
Peter, or to a total depth of 1,800 or 2,000 feet, in order to ma- 
terially augment the supply. 


The waters will probably be strong in ihe ‘hora by no 
means beyond the limits of potability. The waters of the Saint 
Peter and:the deeper formations should be better in quality than 
those of higher strata. The closed pressure of the well should 
be 20 to 30 pounds. 


; Minor supplies.—Information concerning minor viteoe sup- 
‘plies in Louisa county is presented in the following table: _ 


Minor village supplies, Louisa County. 























| Depth of wells rel a below eur> 
T Nat Pee i 8 £2| $s E 

own ature ortsu 4 ‘ . H 
; ear Te ah qi" # |'s8| sy | 82] ag 
21 4).8 | SEL fe | ee] se 
& | a 5 A*| As | mF) ae 
Feet | Feet | Feet | Feet | Feet | Feet | Feet 
Cotter \ a2 esse Drilled wells aoe eee eee ee 25.| 100 | 75-100 1D \igacceme bones lemons 
Pinigk 2) 5.55252 (Driven and bored wells---------- 8 52 9- 15 6O Reo eS == 8 |oi25. 
eredonia: 4 | DINVeR A Wels ones caeee nena ee 16 22 | 16- 20 pt a yb ee 
Grandview ------ Dug and bored wells_-----_.:--- 45 55 45 bs TT PS See =~BG)) 055 
Morning Sun ----| Wells (sc cccsosennsease peeeteaeeaee 18 26 | 0 nena pin ape eters eee 
-Newport . ---------|Drilled and open wells_.--------- 18 | 120 | 80-120 20 40 |—10 | —40 
“Wyman vhs pasion As Bored wells Voce ss ee eee eens 20 | 200 25 75 | 70-200 | —10 |_-_-__ 
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The following table gives data of typical wells in Louisa 



































county : 
Typical wells of Louisa County. 
ad 
oO 
° 
Lal et 
° on 
2 a Remarks: 
Owner Location ala 5 (Logs in feet) 
~ ~ H 
oF a 55 
o o ow 
A A R 
T. 733N., R. 2 W. 
(Parts ,of Jeffer- 
son, Elliot and 
Wapello). Feet | Feet | | 

W. Olark -.....|Sec. 8 .—...-.....-—.| 60 |-...../Sand ~.----|Slope of bluff of Iowa river. 
Yellow clay, 30; sand, E 

John Hays ------|Sec. 11 ....--...-.-.--| 210 |.-....|.... do ....|Upland. Yellow clay, 40; blue 
clay, 80; sand. 

J. Parson ..----.- Sec. 11 --...--... ...| 210 |..-./-....do<./Upland. Yellow clay, 30; sand, 
6; blue clay, 80; sand, 14; blue 
clay, 25; sand, -25; blue clay, 
30; rock at bottom. 

Dre Earsons —....|Sec. 28 ....--e.ncnccne 107 |...-../Sand -...../Second bottoms; loam, sand, 

: and gravel, 31; blue clay, 60; 
read wood and black loam, 10; 
T. 73N,, KR, 3 W. sand with water, 6. 

(Parts of Wa- 
pello and Morn- 
ing Sun). 

Concord School.-|NE. 3 sec. 18... 800 Siizemecas seen Upland ravine. Drift, 8; lime- 

ee: stone, 15; “soapstone,’’ 148; 
es shale, 20; “soapstone,” 

Iai Harris woon----|NE. 3 sec. 20...-...--| 140 | 185 |Sand ~.—. piles Ore 135; shale, Kin- 

erhook, 5. 

W. D. Jamison_.-|NW. 3 sec. 22.-.-..| 800 |.-.--.|--...----- Drift, 90; shale, 210. . 

Oyrus eat ----|NW. 3 sec. 29...--..--| | 76 eosense-s---|Drift; 73; limestone, 8. 

T.73N .4W. 

(Parts. "of “Morn- 
Sun ana 
Marshall). ‘ 
NE. 3 NE. 3 sec. 2..| 152 —s- Sand .-...- poo EY: 22; blue clay, 116; 
sand, 14. 

D. O. Marenall_— (NW 34 sec. 9.-.---.. 126 C1 ey Se bc eae Drift, 95; limestone, $1. 

eee ee SW. St NE. H sec. 12..; 110 | 104 |Limestone- Yellow clay, pebbly, 253; dry 
yellow quicksand, 5; blue 
clay, 74; broken limestone, 8. 

J. K. Brown....--|SE. 3 SE. 4 sec. 16._; 141; 118 |--.. do ----| Drift, 118; limestone, 28. 

James Chilson..../SW. 4 sec. 20 --...... 126 40 |...-...-----|Drift, 40; rock, 86. 

‘Town ............-|Morning Sun  <.--.--| 162 65 | Limestone- ngea 65; limestone, with some 

: ) shale, 97. 

T, 74N., R.2 W. 

(Parts of Jeffer- 
son and Port 

: ar a). 

P. B. Stetson._.__/E. ; sec, 31...-.-.... 70 |..---./Sand ...-..|Yellow clay, 8; blue clay, 42; 
sand, 5; blue clay, 10; sand, 5. 

T. 74.N., R. 8 W. 

(Parts of Wa- 
pello, Port 
Louisa, Grand 
View and Jeffer- 
son). 

Joseph Schofield (Sec. 24 -...----.----- 247) ee Sand -..-.. Yellow clay, 10; blue clay, 8; 
old soil, 3; blue clay with sand 
at 70 and old soil at 160; sand 
at bottom, 
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Typical wells of Louisa County—Continued 





Owner 


Location 


aq 
wey 
i=) 
o 
a) 


Remarks: 
(Logs in feet) 


Depth to rock 
Source of 
supply 








Average of several 
wells. 


T. 74N., R. 4 W. 
(Parts of Wa- 
pello, Marshall 
and Columbus). 


Lyman Bluff 
Jesse Van Horn.-- 


R. S. Cummings-_- 
JOS.) Bates 2=-_s- 


T. 74'N., R. 5 W. 
(Elm Grove; 
part of Colum- 
bus). 

L. M. Sampson-- 

Van Waris 22. 


T. 75N., R. 3 W. 
(Part of Grand 
View). 


NW. % NW. i sec. 34 


SE, 4 sec. 8) 
SW. 4 SW. i sec. 27_. 


\O8iTO Soe tose ceeee 


SW. 3 sec. 29 ...-._.. 


SW. 3 sec. 82 —....... 
BE.) 4 (800s 88-2 ee 


SE. 4 SE. 4 sec. 20. 





NES" 4 gee... 28.2 


PSs onsen noon NEE WN Wak) BOCs See 


- meee en nncesee 


AHA. GTA 20.sce=|Nicem BEC Reece eens 


L. S. Gresham___|W. 4 SW. 3% sec. 27__ 


ee en oe en woe en eee = 


Roy Letts -.....--|SE. 3 SE. 3 see. 


B. W. Haff__..---|SE. 4 NW. 3 sec. 


NE. 3 NE. 3 sec. 9__ 


SE.) 4 see. 14522? 


NE. % SW. i sec. 








35... 


Feet | Feet 


123 


150 


176 
180 
124 


115 


265 


137 


178 


150 


45 


153 


---.--|---. dO -.--|Low upland. Soil, 4; loess and 
yellow clay, 40; blue clay. 76; 
sand, 3. 


Yellow clay, 80; blue clay, 58; 
sand, 12. Water head, 110. 


~saena|se~= GO —...| Uplands allmdrita. : 
do -..-|All drift. 
Soil, 8; yellow clay, 25; blue 
clay, 83; gravel, 8. 
.---..--.---}Drift, 150; with sand at 120; 
shale, 30. 
45 |Limestone-|Drift, 45; limestone, 75. 
pee --.-.--.---.|Yellow clay, 70; blue clay, 68; 
sand, 1; blue clay, 25; sand 
and clay, 28; dark drift, 22. 


een Sand 25- 


oo. |\Gravel. = 








Loess, 10; bowlder clay, 
sand, 3; rock, 7. 
‘Drift, 95; sandstone, 20. 


40; 


oo 


eked Sand ._._..|Ridge. Yellow clay without 
pebbles, 28; red sand, 30; blue 
clay, 38; quicksand with water, 
4; blue, pebbly clay, 158; sand 
with water, 7. 
Natok <¥ hea. 5 do ._./Yellow clay and sand, 15; blue 
| clay, 60; coarse gravel, 2; 
sticky blue clay with wood be- 
low, 47; sand, 18. , 
_-.---|..-- do .-..|Loess, 2; yellow sand, 16; bowld- 
er clay, 40; quicksamd, 20; 
old soil and wood, 4 
dark blue stony clay, 2; sand 
with gas and water. 
aeee--|---- dO ..--|SOil, 6; yellow clay, 50; quick- 
sand, 40; white and blue clay 
mixed, 74; sand with gas and 
water. 
~-----|---. do -...|Loess, 12; peat, 3; blue clay, 
65; quicksand, 1; blue clay, 3; 
quicksand, 1; blue clay, 65; 
* sand, 10. 
a ae do ....; Yellow clay, 20; blue clay clear 
of pebbles, 14; peat, 1; quick- 
sand, 4; blue clay, 6. Head 
of water, 16. 
are! .--. do -.._|High knoll. Loess, 22; yellow 
sand and pebbles, 42; blue 
clay, 1; gray sand with water, 


19. 

----.-|---. do -...| Yellow clay, 20; blue clay, 60; 
sand with water and gas, 20. 
Re ---. do -...|Foot of Mississippi bluff. Yel- 
low clay, 4; blue clay, 28; 
white sand, 26; red clay, 1; 
red sand with water, 19. 

2 eee do ....| Yellow clay, 34; yellow sand, §; 








blue clay, 96; sand with wa- 
ter and gas, 15, ' 


——— 
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Typical wells of Louisa County—Concluded 























EY 
Oo 
(o} 
a pa 
: £ rie Remarks: 
Owner Location gq a ae (Logs in feet) 
a r= 35 
o o ow 
=) =) io) 
Spr Snags d Yell 1 18 ick d;, & 
po e-iNear Letts <..........| 300 |_-.—-|_-.. do --.-|Yellow clay ; quicksand, 3; 
seeooeder : blue clay, 70; yellow clay and 
gravel, 20; blue clay and 
gravel, 30 (?); sand to bot- 
tom, 
T. 75N., KR. 4 W. 
(Concord; parts 
of Columbus 
ee Isw. 4 NW. 2 sc: &-| 160 |.-.--- Sand ----- Water and gas in basal sand. 
é [Ceaegt ht ise ee cee See 215 |.....|.... dO ....| Loess, 5; yellow ’ > yellow 
eee ee mstan|s. & sec. 10 sand, 8; blue “sand,” 26; 
white sand, 80; dark bluish 
hard “sand,” 45; light soft 
Mee ate ; a 
BiSiue 2 RCC. 20) cook a ns 164 "coco ---- do -.--|Bottom. luvium, : ue 
ht > pebbly clay, 72; sand, 2; blue 
clay, 14; sand, 68. 
T. 75N., R. 5 W. 
(Parts of Col- 
umbus aon 4d 
Bet ection Near Columbus Junc-}.----. ----..|..-. do ..../ Yellow clay, pebbly, 15-20; blue 
"tion. pebbly hard clay, sand, 4-15 
at from 125 to 150 feet from 
j 5s surface, with water; blue clay. 
Ruben Stapp .---.|Sec. 16 --------------- S004 150 ho neeew neces pee 150; sbale, Kinderhook, 
Cotter Station -- 186 | 188 | —-__-_-_-- Drift, 188; gandstone, 3. 
J. W. Garner _.._|Columbus City -.----| 170 |-.---. and ..-..| Loess, 13; blue till, 157; sand. 
OISoRE TE eee 166 |......\Sand and |Loess and yellow till, 35; blue 
D. W. Overholt...|SE. 46 gravel. till, 125; sand and gravel, 6. 
Martin Schaum -_-|Sec. 27 ---.--.--.-----| 68 65 |_......_..._|Drift, 65; sandstone, 3. 
T. 76N., R. 5 W. 
(Parts of Oak- 
land and Union) 
Edward Murdock.|NW. 3 sec. 6.---------| 152 |_---.-|------------ All drift. 
ROC WABRM EN seme: Ne a 2 S| Do. 


J. Lucky ~-.-.....|NW. 34 sec. 18_-----.- 
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MAHASKA COUNTY 


BY HOWARD E. SIMPSON. 


TOPOGRAPHY. 


Topographically Mahaska county comprises an upland plain, 
sloping from an elevation of about 900 feet in the northwest to 
about 800 feet in the southwest, across which Des Moines, Skunk 
and North Skunk rivers flow southeastward in approximately 
parallel courses and into which they have carved their valleys 
to depths ranging from 100 to 200 feet. Between these valleys 
broad, flat remnants of the former rolling drift plain remain. 
In places the streams are bordered by sharp rock terraces, but 
as a rule they have gradually sloping valley sides which rise 
from floors half a mile to three miles wide. 

Only near the borders of the larger valleys, and natieeinety 
near the Des Moines valley, is the topography rough and broken. 
but the tributary streams extend into all parts of the area, 
draining it so completely that ponds and lakes exist only on the 
flood plains. 


GEOLOGY. 


_ The bottom lands of all the larger streams are covered with 
alluvial deposits consisting of alternating layers of sands and 
silts that afford an abundant supply of water to drive point 
wells, few of which exceed thirty feet in depth. The water is 
usually good, though in some wells it has a slight odor or taste 
due to organic matter deposited in the silts. 

Except on the flood plains of the streams, the entire surface 
is covered, in places to a depth of ten feet, with the light yellow 
clay called loess; and everywhere beneath the loess is a deposit 
of unconsolidated clay and gravel in heterogeneous mixture. 
though showing in many places definite layers and lenses of 
stratified sand and gravel, the Whole forming the glacial drift 
of Kansan age. Old soils, peat, and forest beds found locally 
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beneath the Kansan drift, accompanied by well defined layers 
of sand and gravel and in places resting on till, give evidence of 
an older drift, the Nebraskan. The whole drift commonly rests 
on layers of coarse sand and gravel immediately overlying the 
bedrock. The drift yields moderate quantities of water to dug 
and bored wells from fifteen to thirty feet deep; small pockets of 
sands at depths ranging from 100 to 200 feet supply many wells, 
the largest supplies being obtained from the thick deposits of 
gravel at or near the base of the drift. These gravels can 
not be traced as a distinct bed over large areas, but wherever 
found they yield an unfailing supply of water which is generally 
hard but is entirely satisfactory for domestic, farm and stock 
use. In many places large open wells are dug down into the 
shale below in order to form a reservoir for water from gravels 
resting on the shale and thus maintain a large supply. Such 
wells should be carefully protected from pollution by surface 
drainage. 


_ From southwestern Oskaloosa an old preglacial valley extends 
northwest and southeast, crossing Spring Creek township and 
entering Harrison township about the middle of its north line. 
The H. Crookham well (EH. 1% SW. % sec. 29, Spring Creek town- 
ship) passes through forty feet of soil and till and then eighty 
feet of fine yellow sand, which changes to coarser sand and 
gravel below, without striking rock. Water began to come in 
at 45 feet and increased downward. Abundant good soft water 
stands 85 feet below the curb of the well. To the northwest 
this old valley passes underneath the farm of J. B. Cruzen 
(NE. 4 sec. 34, Madison township), whose well passes through 
196 feet of drift, chiefly sand, to bedrock. Across the road, T. J. 
Ferree’s well reaches bedrock at 172 feet after passing through 
90 feet of drift and 82 feet of sand. At a depth of 167 feet 
woody matter was found mixed with the sand. 


The rock underlying the drift consists chiefly of Carbonifer- 
ous shale, with a few beds of sandstone, limestone and coal 
belonging to the Des Moines stage of the Pennsylvanian series. 
(See Pl. XIII, p. 626.) In narrow strips along the three principal 


streams, however, the rocks have been eroded away, and the 
eg, 
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underlying hard Mississippian limestone (Saint Louis lime- 
stone) becomes the country rock. The Saint Louis limestone 
unconformably underlies the Pennsylvanian Coal Measures 
throughout the county and is readily distinguished in drilling 
by its hardness, its thin, soft interbedded marly layers, and 
its thickness, 20 to 40 feet being common. 


The shales of the Des Moines stage are comparatively dry; 
only the coal and sandstone layers are water bearers, and the 
coal waters are always, and sandstone waters usually, impreg- 
nated with iron, sulphur, and other minerals. In a few places, 
however, thick local lenses of sandstone furnish excellent water. 
Chief among these is the brownish red sandstone underlying 
New Sharon and other portions of the northeastern part of the 
county, from which the New Sharon Electric Light Company well 
and several farm wells in the vicinity draw their supply. The 
granular white sandstone of the Saint Louis yields water of 
such quantity and quality as to give it locally the name of the 
‘‘white water sand rock.’’ Even above this thin sandy layers 
alternating with heavy limestone beds in many places yield a 
moderate quantity of water, which as a rule is hard but is rarely 
mineralized if the water from the Coal Measures is properly 
cased out. On the whole, the Saint Louis is the most satisfac- 
tory aquifer in the county. 


Only a few wells passing the upper limestone have failed to 
find the sandstone, but three such have been reported. Two of 
these are in Scott township—that of Fred Oswandle (SW. %4 
sec. 2), 250 feet deep, and that of Williams Brothers (section 
13), 317 feet in depth. Another is at the Allandale stock farm 
(NE. 14 sec. 22, Union township). These wells probably all draw 
their supply from the limestone which immediately underlies 
the Saint Louis limestone; and two of the three, the Oswandle 
and Allandale wells, yield water that is very strongly mineral- 
ized. Unless the deep aquifers are to be sought, drilling below 
the sand-rock layer of the Saint Louis limestone is to be dis- 
couraged. 


In general, the upper limestone of the Saint Louis is reached 
about 120 feet below the uplands, and the sandstone about 20 
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to 40 feet deeper. The depth, however, varies greatly. Be- 
tween Skunk river and the Des Moines the ‘‘white water sand 
rock’’ is found at depths ranging from 150 to 250 feet, and the 
water is everywhere reported good. South of Des Moines river 
it lies somewhat deeper and in many wells is strongly mineral- 
ized. Between Skunk and North Skunk rivers, many wells draw 
from this bed at depths of 150 to 175 feet. The bed thus rises 
to the north and east, though perhaps not so often drawn upon 
in that direction, owing to the fact that the drift waters there 
are better and that there are numerous sandstone layers in 
the overlying Des Moines stage. 


The quality of all these waters unfits them for use in boilers, 
for which purpose it is, as a rule, necessary to impound storm 
waters. 


UNDERGROUND WATER. 


SHALLOW FLOWING WELLS. 


In Mahaska, as in the adjoining counties, the drill used in 
coal prospecting may strike a vein of water under such pressure 
as to cause it to flow from the top of the hole, though, as a rule, 
without much force. Most of these holes are located in low 
valleys or draws, and the aquifer is ordinarily a gravel layer 
low in the drift or a sandstone or coal seam of the Des Moines 
stage. Many of these holes are abandoned and forgotten, but 
when advantageously located with respect to pasture lands they 
are cased and retained for stock supplies. 


Such are the two flowing wells on the farm of C. A. Coryell, 
one mile southeast of Olivet, Scott township. One well, 80 feet 
deep, yields about two-thirds gallon per minute of strong min- 
eral water flowing from a coal vein; the other well, one-fourth 
mile south, is 52 feet deep, enters sand rock at 40 feet, and yields 
six gallons per minute of excellent water; the water rises eight 
feet above the surface. <A third well, 167 feet deep, also in 
Scott township, on the farm of Con Ellis, 114 miles southeast 
of Tracy, is drilled on a valley side, and reaches its aquifer in 
rock described as ‘‘dark limestone with flint’? in the Des 
Moines stage; the water has a strong mineral taste. 
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On the farm of Ed De Long (NE. 4 sec. 26, Scott township) 
a 47-foot well yields a 214-gallon flow with head 18 feet above 
the surface; the aquifer is a heavy bed of sand beneath the till. 
This is an excellent stock well. 


* 


SPRINGS. 


Many springs issue on valley sides, most of them flowing from 
the Des Moines stage, but a few from drift deposits. The im- 
pervious stratum which collects the downward percolating 
waters and brings them to the surface, where it outcrops on the 
valley sides, is commonly a shale bed. Many of these waters 
are mineralized, and some of the springs yield sufficient water 
to form a permanent supply for stock. If such springs are ad- 
vantageously located in pasture land they are piped into tanks. 

The most interesting spring reported is on the farm of Hd- 
ward Edris, 214 miles northeast of Oskaloosa. This spring is 
said to have formed 10 or 12 years ago after the closing of a 
coal mine in the vicinity, where underground waters gave so 
much trouble that the mine was abandoned. It flows about 75 
gallons per minute, and the water has a local reptuation for 
its medicinal properties. 


CITY AND VILLAGE SUPPLIES. 


New Sharon.—The public supply of New Sharon (popula- 
tion, 1,122) is secured from a well drilled to a sandstone horizon 
in the.Des Moines stage. Three wells have been, drilled, all 
reaching the same aquifer, but only one.is now used. The well, 
which is nine inches in diameter and cased 80 feet to the sand- 
stone bed, has yielded 35 gallons per minute. 

The water is pumped by a gasoline engine into an elevated 
tank having a capacity of 43,000 gallons, and is distributed. by 
gravity through two miles of mains under pressure of about 
45 pounds. Twenty-one fire hydrants and 160 ne utilize about 
15,000 gallons daily. 

Shallow drift wells are common in the city, but an excallaal 
water, like that used by the city, may be found in the same or 
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similar lenses of reddish brown sandstone near the base of the 
Des Moines stage at depths ranging from 40 to 175 feet. The 
water is very pleasant to taste, neither hard nor soft nor min- 
eral. Should the drill pass through shales of the Des Moines 
without finding this water, the sandstone horizon of the Saint 
Louis limestone might be found 40 to 50 feet below. 


Oskaloosa.—The public supply of the city of Oskaloosa (popu- 
lation, 9,466) is owned by the Oskaloosa Water Company and 
is operated under a 20-year franchise, dating from November 
12, 1899. 

The supply is obtained from 15 driven wells, six inches in 

diameter and about 50 feet deep, put down to bedrock in the 
alluvium and sands underlying the flood plain on the north side 
of Skunk river, 314 miles north of the city Each casing carries 
a seven-foot Cook strainer and is connected with piping in such 
a way that all siphon into an open well, 34 feet deep and several 
feet in diameter, in the bottom of which are 11 other drive 
points. The wells on the north and farthest from the river end 
in coarser sand and supply much more water than those nearer 
the river. 
The pumping station is on the south river bank im- 
mediately opposite the wells. A cable from this plant runs 
a centrifugal pump in the main well, raising the water to a cis- 
tern from which it is forced into the mains by two steam pumps. 
A large open reservoir has been cut into the bank on the south 
side in such a way as to impound some storm waters, and into 
this water from the river is pumped directly in order that sedi- 
mentation may take place. In emergencies water can be 
pumped from this reservoir. An ordinary pressure of 110 
pounds is maintained at the plant, and a fire pressure of 185 
pounds is obtainable. 

A large main leads from the pumping station to the filtration 
plant at the north edge of the city, where six Hyatt filters (two 
with a capacity of 250,000 gallons and four with a capacity of 
150,000 gallons), and one Jewell filter (capacity 500,000 gallons) 
are utilized to filter the water through sand before it passes into 
the standpipe and mains of the city. It is estimated that about 
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1,300,000 gallons a day are filtered, and only in case of emer- 
gency is the water passed directly into the mains. The ordinary 
pressure on the mains from the filter plant is 35 pounds, but a 
pressure of 100 pounds or more may be had for fire engines. 


A standpipe 20 feet in diameter and 130 feet high connected 
with the city mains stores the reserve and equalizes the pressure 
and flow. The greatest objection to the use of this water is that 
the mains are flooded with unfiltered water with every serious 
fire. 


An artesian well, 2,517 feet in depth, was sunk by the city in 
the center of the city square about 1875, partly for the purpose 
of securing a flowing well for city supply and partly to prospect 
for coal and other mineral. No record has been preserved and 
little is now known of the well, save that at 800 feet a strong 
aquifer was reached which gave a head only 40 feet below the 
eurb. This was tested by a steam pump throwing a four-inch 
stream for 48 hours without lowering, but the water was so 
strongly mineral as to be unfit for drinking. The well has never 
been utilized. 


Some time previous to 1888. a well was sunk to a depth be- 
tween 2,800 and 3,000 feet. Two or three companies were en- 
gaged in drilling this well, litigation ensued, and the well was 
abandoned after a cost to the city of $2,800 or $3,000—an ex- 
traordinarily small sum for so deep a well, if the depth is cor- 
rectly reported. 
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Record of strata to 1,200 feet in city well at Oskaloosa (Pl. XIII, p. 626). 











| Thickness. | Depth. 





Quaternary (50 feet thick; top, 843 feet above sea level): 
UIT es a a ee era ee rete coamnsedoocwnescuan 
a ta Sa SRE CS, Ea ee ee ee ene 
yy GLEN pS Se RI ISS eee es = 
Reo Soe ors a mere ono nae natant acapsasagusanaoresnncaesans 
Oarboniferous: : 
Pennsylvanian series— 
Des Moines stage (111 feet thick; top, 793 feet above sea level)—__ 
SR een i Ee re Cen 
Binve, Diack ........--<.. 
CS eee a eS ae 
Sulphur (pyrite) 
0 UNCED esl aS SR Si Ee Re ee ee ee eee 
roel dayaly) \ ae Re ee SS Ae ee ee eae eee 
SERUMETONG st DEAY | moon nine sce esas arae sae et none ween edanteunasacbwaseracs 
Plumbago, traces (?)--------....- Rist lt Set Bey allies ies LS maa ce a 
GOS APSR Pn ye et RL Os RT ee EE le eee OnE, 
Mississippian series— 
Saint Louis limestone and Osage stage (449 feet thick; top, 682 feet above 
sea level)— 
STITT) yp i a il i SG PN SS ee a 
CCRT (Sap Se Se i pe a A. ey cal ee A Aiea ge a 
ME EG) EL ee oo rats Soren own etme moan anes one an aud ecconne cue 
TRIS GUPbYACORT (Cl) cas anon son cenaeeereceen a se onbadsecencnecacelone 
ae C1 ee oe eee md on Sinan nacwcucueoeeaccemans 
Slate, black 
Slate, white 
Porous rock 
TERED ea ae ea So SE a Se ee ae ee Se ey 
ie 200k ste stage (110 feet thick; top, 233 feet above sea level)— 
Devonian and Silurian “(356 | feet “thick; “top, "123 feet “above sea level): 
menrpie, Hard ........._. Satine as 
Limestone, very dark, hard; ; with: ‘streaks of "sandrock | ‘and ‘mica; also fos- 
ee 
ie LEERSIG, fo pip RPE i Se ge Se ee a aera, 
Gypsum and magnesia hee a Bee ee ee ne a 2 a ee 
Ey ates Ha ae ee al Sh es Be ee 
RT Re eS Se ee eee 
Ee ee ea naa sl anbasaenduncersatsaaeweaasasonece 


Ordovician: 
ey id shale (124 feet penetrated; top, 233 feet below sea level) 
ate, OWE pera se Re = ee ee SE ee Se ee eee ee 


Slate, blue 











Feet 


owsan 








Feet 


SEBa 





Outside of the city water, which is generally used, the chief 
supply comes from shallow drift wells, which, with few excep- 
tions, are unfit for domestic use, owing to unavoidable con- 
tamination from surface, cesspools, coal mines, and open wells. 
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WELL DATA. 
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The following table gives details of typical wells in Mahaska 

















county : 
Typical wells of Mahaska County. 
3 
ro) Ee 
mH et ie) 
: ° Op 7) Remarks: 
Owner Location ri = 25 2 2 (Loge given in feet) 
A Q nN ea] 
T. 75 N., R. 16 W. 
(Garfield and part 
of Spring Creek). Feet | Feet Feet z 
Sewer Pipe Mant-| Oskalcosa -..-| 217 |...-..|Sandstone 85 |6 ‘inches diameter; good 
facturing Co. (Saint Louis) clear water. Olay, yel- 
low and blue, and slate 
and soapstone shale, 
100+; gravel, some 
water, 5; limestone, sol- 
id, 60+5 sandstone, 
white, porous, water 
bearing, 50+; limestone, 
shaly, 2; test 14 inch 
stream one-half day; 
curb 5 feet below Minne- 
apolis & St. Louis R. R. 
Oskaloosa Light! Oskaloosa --..| 360 Ci A eas (5 a ao a 60 |Unused account mineral. 
& Power Co. Yields 6 to 8 gallon flow 
under pump. Olear; pleas- 
ant taste. 
Blake Wilson ----| SE. % sec. 28._| 182 40 ja oe8 O05 eee 143 |Test 154+ barrels per day. 
J. W. Hunt -.---| 4 miles south-| 179 25 |Sandstone (Des) 59 
west Oska- Moines). 
joosa. 
J.-K. Hook------| SE. 4 sec. 29_-| 140 27 |\Sandstone  _—_—_||______ Slightly mineral. Soil and 
(Saint Louis) clay and sand, red, 27; 
slate, chiefly coal, fine 
clay, limestone, 46; sand-- 
stone, “white water 
rock,” 387; soft, porous 
T.75N., R. 15 W. sand, 30. 
(Parts of Spring 
Creek and 
Adams). 
HH Crookham: —..' Sec, 29° 22222225 120>|, deco Drift sand----| 85 |Good water in 80-foot bed, 
and gravel. 
Spring Oreek Coal| SE. 4 sec. 11_.| 220 88 Sandstone 100 |4 inches diameter. Pumps 
Co. (Saint Louis) 23 gallons only. 
A. H. Rogers_---| NW. % sec. 3..| 124 30 |Sandstone (Desg|_---.. 
Moines) 
T. 76N., R. 15 W. 
(Parts of Adams 
and Spring 
Creek). 
Moses Barr ------ SE. % sec. 19.) 170| 184 |... do ~.--.--|_..-..|Bowlder clay, 60; blue clay, 




















soft, 65; wood fragments 
common, log 1 foot thick 





at bottom; sand and 
gravel, 9; white sand- 
stone, 35+. 
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Typical wells of Mahaska County—Continued 
Ad 
5 E 
a ce ° 
; i 2 on cr) Remarks: 
Owner pasetan a is $6 oe (Logs given in feet) 
~~ ae Ls 
s | 3 Bia 55 
A A nN q 
Feet | Feet Feet 
W. G. W. Ander-| SW. 3 sec. 19._; 600 85 |Chiefly Saint) 100 |Clay, yellow, bowlder, 35; 
son. Louis. Clay, biue, bowlder, 50; 
. Shale, 23; eoal blossom, 
1; clay shale, red, 18; 
limestone and white clay 
interbedded, 28; sand- 
stone (fine water), 106; 
limestone, 331; clay shale, 
light colored, 4; shale, 
thin, 2; limestone and 
shale, 88. Head, 100 feet; 
lowered to 180 feet on 
| heavy test; 4-inch casing 
to sandstone, which is 
fine, water bearing and 
yields 45 barrels in 24 
hours. All water united 
: below. Probably ends 'n 
; Kinderhook. 
J, N. Allgood...-| NE. 3 sec. 35--| 135 | 80 |Sandstone = |_.-_. 
ween’ (Saint Louis) 
J. A.. Reynolds-_-.-| Sec. 15 .....-.. 125 ales: (Pande one. re 78 
T. 76N., R. 16 W. 
- (Madison). 
Ben Oruzen -...--) S. 4 sec. 28.-._| 216 50 |Sandstone = | ---- Soft water; yields 3 gal- 
‘Saint Louis) lons per mintite 
Bert Stiger -----...| SW. 4 sec. 5---| 225 150 |Limestcne or} %5 |Good, hard wat. 
: sandstore. 
OG. W. Bartlett__./ NW. 3 sec. 9.--| 120 |..---.|Sand --...-.--.|.----- 
Mrs. R. H. Davis} ....._......... | 282] 195 [Sandstone 92 |Good water. Strong t<st. 
; (Saint Louis) 
W. B. Stiger_..-.-| NE. 3% sec. 8.--| 175 | 115 (Saint Louis--._| 90 |Strong test without lower- 
ng. 
O. %. Steddon.--| Lacey --.-.---- 198 | 85+|Sandstone __|#------ Strong well. 
(Saint Louis) : 
T, 74N., R..15 W. 
- (Harrison). y 
Pekay Mine ---._-| NW. 34 sec. 20_.| 225 85 |Sandstcne — |------ 4 gallons per minute cn 
. (Saint Louis) test. 
Miss Lullis .-.-.--| 6 miles south-) 225 26 |Sandstone _iea----- 
east Oska- (Saint Louis) 
Toosa. 
Owen Mobley ----| 5 miles south-| 188 20 (Limestone ---.-| 135 
éast Oska- 
loosa. 
T. 74.N., R. 17 W. 
(Part of Jeffer- 
son). 
Walter Jones ----| 5 miles east| 105 15 \Sandstene (Des|-_-.--- 
Bussey. Moines) 
Catherine Strain--| SE, 4 sec. 14..| 100| 24 |Sandstone ee Good hard water. 
aint Louis)|------ 
T. 75 N. R. 17 W. saams ) 
(Scott; part of 
_ Jefferson). ’ 
- H. Evans.-_.--| W, 4 sec. 25.--| 171/ 90 [sandstone —_|-.---- Soil and clay, 38; sand, 4; 
(Saint Louis) blue clay, 48; slate, 10; 
ner one Frist pecgeone: 
; . Cased to limestone. 
E. 8.-Godfrey, Jr 13 miles south-| 167 15 |Limestone ~_-..|_-..-- Flows mineral. 
J.J. east Tracey. 
ee tt y----—--| SE. 2 sec. 13..| 177| 19 lSandstone _|_-.-.-- Soft water. Strong well. 
; (Saint Louis) Clays, 19; slate, 51; coal, 
33; soapstone, etc., 644; 
; limestone, 16; sandstone, 
23. Cased 142 feet to 


limestone. 
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Typical wells of Mahaska County—Continued 


° 





Owner Location 





W. R. Lacey----.. NE. 3 sec. 1... 





Wm. Velthuzen-_-- 

Abe Bartlows --.- 

' 7. 74N., R. 14 W. 
(Cedar). 

eee arsell 55... 


T. 74 N., R. 16 W. 
---=--£9A0D “Wd 
*(SeuIOW Sed) 


NW. i sec. 1_.- 
SW. 3 sec. 23_. 


NW. 3 sec. 5-.- 


SE. 2 sec. 3... 


Fred Oswandle ...| SW. 3 sec. 2___ 





SW. 3 sec. 29_. 


Williams Bros. Sees 18 Rone 


T.-77 N., R. 16 W. 
(Prairie). 
Town of 
Sharon. 


New 


Ome ee enn eee nn nes 


Minneapolis & 
Saint Louis R. 
R. Oo. 

New Sharon Elec- 
tric Light Oo. 


New Sharon --.. 


New Sharon --.. 





Depth 


Feet 
198 


102 
145 


207 


215 
250 


118 


317 


155 


246 


150 


Depth to rock 


21 








82 


42 


128 


110 


Source of 
supply 


Saint Louis -.. 


sands. 
Louis-_-..- 


Drift 
Saint 


Sandstone 
(Saint Louis) 


Sandstone 
(Saint Louis) 
Osage (?) 


Sandstone 
(Saint Louis) 


Osage: (2) 2-2 


Sandstone (Des 
Moines) 


Drift sand --_- 


Sandstone (Des 
Moines) 








Bead below 
eurb 


95 





Remarks: 
(Logs given in feet) 





Strong well, test 348+ gal- 
lons per minute. Surface, 
50; blue clay, 6; slate, 
gray, 8; sand, 2; sand- 
stone, 134; coal, 4; bowl- 
der, (2), 3; coal, §; fire 
clay, 1; gray slate, 9; 
fire clay, 3, slate, black, 
50; sandstone, 2; lime- 
stone, 27; sandstone, 39. 

Plenty of good water. 


Base of Des Moines at 97 
feet. 


Good soft water. 


Soil and clay, 38; slate, 22; 
limestone, 20; slate and 
soapstone, 110; hard blue 
limestone, 60; sand. 
Water very salty and min- 
eral. Head varies with 
rainfall and pumps down 
tapidly. “White water 
rock’? (sandstone in Saint 
Louis). 

Surface, 82; slate, 8; coal, 
2; slate, 28; limestone, 25; 
sandstone, 23. Water 
stands at top of sand- 
stone. Cased to lime- 
stone. 

Surface, 42; slate, 58; coal, 
5; slate, limestone, and 
shale alternating, 212. 
Gradual increase of water 
in limestone layers. Weak 
head, may be pumped 
out. 


Test, 35 gallons per minute. 
Soil, 23; clay, yellow 
above, blue below, 774; 
sandstone, red and white, 
70; shale, black and gray, 
5. Test 85 gallons per 
minute, 9-inch casing to 
sandstone, 

Water scanty. 


Soil and yellow clay, 25; 
sand, 50; shales, 22; coal, 
2; fire clay, 3; shales, 8; 
light shales, 25; sand- 
stone, white shales, 40. 
Pumped 233 hours per day 
for six weeks during 
drought, yielding con- 
stantly 5 gallons per rin- 
ute without lowering. 
Water from white sand- 
stone at 135 feet. Used 
chiefly for boilers. 
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Typical wells of Mahaska County—Concluded 














Ad 
5 z 
é: i) S Remarks: 
. O° [-b) . 
Owner Location a 2a ie (Logs given in feet) 
2| 3 Ho SE 
a = m=] i=] 
@o o on vo 
A a a oq 
See ice =-_-..; Sec. .19..-._..- 170; Geez --. dO «:----..|.-.-.-| White sandstone with FeS:z 
| concretions. 
Vi ar Southwest of} 256 | 100+|Drift sand -----|...._-| Plenty of water in sand 
New Sharon. over shale. 
T.7N., R. 15 W | 
nion). 
Alan Bros. ....-- NE. 3 sec. 22.) 222 wo \Osage (7)! =.=. 58 | Clay and sand, 75; lime- 
stone, solid, 20; slate, 12; 
od limestone, thin layers, 
100; sandstone, 15. Tastes 
very strongly of mineral 
salts. Pouring in test; 
7 barrels without rise of 














head. 





VAN BUREN COUNTY 


BY W. H. NORTON. 


TOPOGRAPHY. 


Van Buren county consists of a once continuous and well-nigh 
level plain modeled by glacial ice, now deeply and intricately 
earved by running water so that only remnants of the initial 
surface remain in the broad, flat and imperfectly drained prairies 
of the northern part of the county and in the narrow flat-topped 
divides which separate the more closely spaced streamways of 
the south. 

Des Moines river has trenched the upland to a depth of 100 
feet or more, crossing the county diagonally from northwest to 
southeast. Fox and Little Fox rivers hold courses parallel with 
that of the Des Moines and have widened their valleys to a 
greater degree proportionately than has the larger river. 


GEOLOGY. 


The lowest beds exposed in the county belong to the Osage 
Stage of the Mississippian series. They include at the base the 
upper part of the Burlington limestone, consisting of chert 
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with a few thin beds of limestone or of limy shale (the Mont- 
rose Chert of lowa Survey reports). The chert, although too 
hard to be cut by the drill, is fortunately brittle and is readily 
broken by the impact of its blows. On this chert rests the lower 
division of the Keokuk limestone, a blue-gray, coarse, subcrys- 
talline, and thinly bedded limestone. Next in ascending order °* 
comes a bed of shale 40 feet thick, distinguished by the geodes 
which it carries. Broken by the drill, these hollow halls fur- 
nish to the slush bucket crystals of quartz or calcite and chips’ 
of milky white translucent chalcedony. Hardly to be distin- 
guished from the geode-bearing shales in well records is a bed 
of overlying blue shale and interbedded limestone layers. 


The Osage stage is overlain by the Saint Louis limestone, 
which consists of sandy magnesian limestones, shattered lime- 
stones made up of sharp angular fragments, and compact 
granular limestones, the total thickness reaching nearly 90 feet. 
The larger part of the county is covered by the Pennsylvanian 
series, with its beds of shale, sandstone, and coal, underlying 
fine clay. 


Not exposed within the county, but underlying the Montrose 
Chert is the lower part of the Burlington limestone, which 
forms a valuable water bed. This limestone rests on heavy 
shales (Kinderhook stage), which are entered by some of the 
deeper wells. Near Utica these shales lie about 400 feet. below 
the surface of the upland. 


Resting on bedrock or separated from it by stratified sands 
and gravels lies a massive, tough, blue, stony clay, known as 
the Nebraskan drift. Upon the Nebraskan lies another stony 
clay, known as the Kansan drift. These two drifts may be 
parted by sands and gravels belonging to the Aftonian. The 
Kansan in its unweathered portions is a blue hard till hardly 
to be told in drillings from the Nebraskan, except that the latter 
is usually of a darker tint. In its weathered portions the Kan- 
san is a yellow or reddish stony clay, in places 40 to 50 feet 
thick. Both drift sheets contain lenses of sand and gravel laid 
down by water from the melting ice. 
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The entire county, with the exception of the present flood 


plains of the rivers, is covered with loess, a yellow or gray silt 


2 to 10 feet thick. 


UNDERGROUND WATER. 
SOURCES. 


Sheet water is found so near the surface in river sands and 
gravels on the flood plains of the larger streams that it is tapped 


_ by driven and open wells. Such wells form the chief domestic 


supply for the towns located on the Des Moines river. On Fox 
river the alluvial area is still more extensive in proportion to 
the size of the stream. 


In places the base of the loess supplies house wells. ‘The 
chief water beds of the drift, however, are sands interbedded 
between the successive sheets of stony clay, and one beneath 
the earliest till, parting it from bedrock. These beds supply 
very many wells on the more level uplands 


Where drift sands fail to furnish sufficient water there is a 
good prospect of finding it at moderate depths in some of the 
Mississippian limestones or cherts. A number of wells to the 
Mississippian are reported, however, which range from 270 
to something more than 400 feet in depth. The deepest of these 
are sunk a few feet into the Kinderhook, but so far as known 
no wells in the county have failed to find water above this 
heavy shale. 


CITY AND VILLAGE SUPPLIES. 


Bonaparte.—The waterworks at Bonaparte (population, 597), 
owned by the town, are used for fire protection and street 
sprinkling only. Water is pumped from Des Moines river to a 
standpipe. The pressure is from 65 to 125 pounds. There are 
two miles of mains and 28 fire hydrants. 


Bonaparte (and also Keosauqua) is about 644 feet above 
sea level and the base of the Kinderhook should be reached 
at from 275 to 300 feet above sea level. The drill will 
then pass into 200 to 300 feet of Devonian and Silurian lime- 


718 UNDERGROUND WATER RESOURCES OF IOWA 


stones, the latter possibly including a water-bearing sandstone 
near its base. The underlying dry Maquoketa shale rests on 
heavy limestones (Galena and Platteville), in which water 
should be obtained above the bituminous shales which here occur 
near the base of the Platteville limestone. The Saint Peter 
sandstone should be reached at about 500 feet below sea level 
or 1,100 feet below the surface. A well 1,300 feet in depth should 
obtain an adequate supply of water of fair quality with a head 
of perhaps 50 feet. As security against the possibility of the 
Saint Peter sandstone failing to yield enough for a city supply, 
the contract should provide for drilling, if necessary, to 1,600 
feet. 


Farmington.—Farmington (population, 1,165) draws its pub- 
lic supply from Des Moines river. Water is pumped raw into 
a reservoir with a capacity of 300,000 gallons and distributed 
thence under a pressure of 80 pounds. There are 16 fire hy- 
drants and two miles of mains. The water is not used for 
domestic purposes, open or driven house wells being still utilized 
for this purpose. The waterworks are owned by the town. 


A flowing well, 705 feet deep, is reported by C. A. White’ at 
Farmington (elevation, 567 feet). Its depth would take it to the 
Silurian sandstone beds, and it was probably from these that the 
flow occurred. Large flows may be expected here from about 
350 feet below sea level or about 920 feet below the surface 
and a well for city supply should be sunk to this depth, not only 
to get more water but also to improve its quality. This depth 
would take it to either the crystalline Galena dolomite (which 
in this area is often erroneously called by drillers the Saint 
Peter sandstone) or to the Saint Peter sandstone. The water 
should head at from 670 to 700 feet above sea level, and should 
be entirely potable, although its mineral content will not be low. 


Keosauqua.—Keosauqua (population, 1,009) obtains its pub- 
lic water supply from Des Moines river. <A standpipe gives 
gravity pressure of 55 pounds and the pumps can increase the 
pressure to 200 pounds direct. There are 17 double hydrants 
and 134 miles of mains. 


tWhite, C. A., Rept. Iowa Geol. Survey, vol. 2, 1870, pp. 272, 355. 
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Mimor supplies.—Supplies of minor villages are summarized 




























Head below 
so] curb 
s E 
° 
as £2 ax 
ge | ae | 33 
ae Mee ol a? 
Feet Feet Feet 
ry ec ae 
20 jt 44] ec 
112 15 6 
Ee Din el 
pats ae Si leseesees 
onto 40 60 
CLE Seo 8 Sea 


below: 
Town and village supplies of Van Buren County. 
2 

Town Nature of supply g Six 

Yi ae 

& | g& 

Feet Feet 

Birmingham - WR eso a a ey -| 20-65 |150-200 
@antril: —..-.-. Wells and cisterns.-.-..__----- 90-40) |saeos) 
Douds Leando Driven, bored and open wells-.--- 15-20 20 
Kilbourne ---. Cisterns, open, and drilled wells_---| 20-112 40 
3 Milton --... Open: swells: 22.5.6 Soe = 2-15-80: | Se 
Mount Sterling Cisterns and bored wells 15-60), (eons oe 
Mount Zion -- Wells and cisterns._--. 70-100 100 
Prone ess) WEIR o.com en asecenennae-2| 10-40 45 








WELL DATA. 


The following table gives data of typical wells in Van Buren 


county : 


Typical wells in Van Buren County. 


! | | 


i 
} i Ne 











Owner 


T. 67 N., R. 10 W. 
(Part of Des 
Moines). 


Milam eter ...|\Sec, § —-..-. 


Gi INes ft. 11. W. 
(Part of Jackson) 


A. U. Benson_._..|NW. 2 sec. 12- 


T.68N., R. 10 W. 
(Part of Des 
Moines). 


Edwin De Ford_.-|Sec: 27 ~-.--.. 
J. M. Silver_-._-.|NW. % sec. 29_ 























5 
3 | 4 
eo aoe cag iC 
Location 2 £2 | 2 |Souree of] $ Remarks: 

aq a FI a. supply rE (Logs given in feet) 

=F = a as S35 

o 4 oO Ys 5S 

A A QA QA jen 

Feet | In. | Feet | Feet Feet 

83 AZ poe eas 65 |Gravel and} 35 |Yields 50 barrels a 

‘ sand. day. 

5 miles south-| 82 7 Np (Ee Le 62 |Sand 1-_--- 40 |Yields 20 barrels a 
east of Can- day; water iron 
tril. bearing. 

290 4 |280(?)| 290 |Sandstone-| 40 |Yields 2 gallons a 
minute; water sul- 
phur bearing. 

350 4] 200| 270 |Limestone.| 80 |Yields 5 gallons per 
minute. 

290 5| 240] 250 |_...do---_| 40 |Yielus 2 gallons per 








minute. 
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Typical wells in Van Buren County—Continued 








Owner 


Location 


Depth 


Diameter 
Depth to rock 


Source of | 
supply 





Remarks: 
(Logs given in feet) 


Head below 
curb 





— Manning -..- 


T. 69N., R. 10 W. 
(Part of Van 
Buren). 


L. R. Plowman... 


oe a we ee ee en ewe 


—- Britt -...--_-. 


—- Drummond --. 


T. 70N., R. 10 W. 
(Lick Oreek). 


Pee ee mmc on ew ee meee 


T. 70N., R. 11 W. 
(Village). 


S. E. McGrew-_-_. 


James Elerick 


T. 68 N., R. 11 W. 
(Part of Jack- 
son). 





a 


NW. i sec. 81.. 


| 
Kilbourne 


SE. 3 sec. 28. 


NW. 3 sec. 13. 


SE. 2 sec. 32. 


Pittsburg 


Feet 
151 


112 


153 


213 


110 





SE. 3 NW. 3 
sec. 26. 


SW, % sec. 21_ 


Bee, 20 co. 





— Holland .....|SW. 3% sec. 8_- 


194 


405 


400 


2173 


fon] 
7 


(2) 


16 








110 


100 





=| Depth to water 


tao] 
Ee 
o2a| bed 


150 


vm eoe 





Gravel and 
sand. 





Limestone. 


mwoe OOloos 


amok GO naan 





wane OO mee 


Siliceous... 





rock. 


Gravel_-__.. 








eet 
------|Yellow clay, 0; blue 

till, 60; water-bear- 
jing gravel and sand 
Al 


4 |Hill slope; water 
salty, flowing when 
first drilled. 

60 |Upland. Yellow clay, 
reddish clay, light 
blue clay, dark blue 
clay, all without 
sand, 63; limestone, 
87; shale, 3. 

-----/A little caving yellow 
sand under yellow 
clay, with a little 
water. Rock hard 
limestone with some 
flint. 

60 |Drift clays, 80; black 
sand with foul 
water, 10; shale, 
black, 30; limestone 
and shale, 100; lime- 
stone, shale at bot- 
tom. Water pumps 
down 6 to 200 feet. 

15 |Des Moines river bot- 
toms. Alluvium, 16; 
shale, 10; limestone, 
shale at bottom. 


Limestone-|_-..-.|Oreek bottom. Drift, 


110; limestone, 84. 


25 |Water lowers under 
pumping to 47 be- 
low curb. 

75 |Upland. Yields 5 gal- 
lons per minute. 
Mostly limestone, 
except 4 feet of 


water-bearing stone 


at 250, and siliceous 
rock (“quartz rock’’) 
near bottom. 


52 |Yellow clay, 28; dark 
blue clay with some 
sand 65 feet from 
top, 181; “rock,” 
rather soft, 14; 
water-bearing clay 
and sand with some 
gravel, 12. 
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——-* Typical wells in Van Buren County— Concluded 








By 
a) 8 te 
“oO 
iy nt ee ae 
Location 2 | S| 8 [Source of | 8 Remarks: 
rei oi a | a |asupply. | oo | (Logs given in feet) 
. & we} Yo Sia 
s) 3| 2 | es] - 35 
A | rag Bares ce 
Feet | In. | Feet | Feet Feet 
vell as sw. x see. il’ 182942 28 Beals sae Limestone_|_----- Yellow clay, 92; lime- 


stone, yellowish to 
white, 6; limestone, 
white, in thin strata 
water bearing, 34. 
Dee SOC, IAs TOT ee gD og ae So eS oe Pe roe Yellow clay, £0; b'ue 
clay with gravel 90 
feet below curb, 70; 
limestone, 1. 

Bet vars. p18y 2 (te ae ead eS Se ME a oy Yellow clay with some 
sand, 35; blue joint 
clay, 5; yellow clay 
with layers of sand 
and some water, 16; 
hard blue till, 29; 
Coal Measure shales 
17; white limestone, 
14; ‘blue limestone 
with some pyrite, 
70; shale, 58; lime- 
stone, cherty and 
sandy, 3; limestone, 
gray, pink, and 
black, 88; -rock, 
hard, gray, cuts the 
drill, 32. 














Y ---------|14 miles north-| 162 |______ ay Ea (ee cee aoe | ea Gray clay, 8; sand, 
east of Keo- 32; gravel with wa- 

sauqua. ter,er2; ~~ -éoal; “8s 
; white limestone, 8; 

lime and sand, 8; 
gray limestone, 30; 
reddish sandstone, 
E 3; gray sandstone, 
- 12; blue shale, 56. 
mundson|SE. 4 sec. 26_.} 224}_-.__- Sane eee ol eee Yellow clay,no sand, 
. y 90; blue clay into 
ad 3 inches of sand at 
base, 21; blue shale, 








limestone, 10; 
shales alternating 
with limestone, 41; 
; Tock, very hard, 
. dark, could not 
penetrate it (most 
all chert ?), 4. 


Peeetnes OLUN| 00) ooocoe | aes | neces Sands oe Water from white 


of McVeigh. sand beneath light 
| blue clay. 
on Peas oe gh eS Tim PR ES i (| ae eS SR 65 |Yellow clay, 56; light 


p blue clay, 23; dark 
blue clay, 29; lime- 
stone, 257; alter- 
nate shale and 
limestone, 25; shale 
(Kinderhook), 10. 





55; ocher, 8; brown: 


& 
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WAPELLO COUNTY 





BY HOWARD E. SIMPSON AND W. H. NORTON. 


TOPOGRAPHY. 


Wapello county lies about midway between the center and 
the southeast corner of the state. Owing to the deep dissec- 
tion of the Kansan till plain by the tributaries of Des Moines 
river the surface is generally rough and irregular, the only 
notable exception being in the northeast quarter, where the 
upland plain is but slightly rolling. This area is drained by 
Cedar creek and its tributaries into Skunk river. These master 
streams conform to the general southeasterly trend of the more 
important streams in the eastern part of the state. The Des 
Moines enters at Hddyville, in the northwest corner of the 
county, and leaves just below Eldon, in the southeast corner, 
flowing the entire distance through a broad, deep valley of pre- 
glacial origin, on the floor of which it has developed a flood plain 
a mile or two in width. The drainage is complete. The relief, 
though broken, varies only from about 625 feet in the Des 
Moines valley at its point of exit from the county to about 900 

feet near the southwest corner. 


GEOLOGY. 


Save where removed by stream erosion, the surface of the 
entire county is covered with a fine light gray clay, in few 
places more than a few feet thick, which is easily identifiable 
with the southern loess. On the floors of the deeper stream val- 
leys this loess is replaced by darker alluvial silts. These are 
especially prominent on the bottoms of the Des Moines valley, 
where they cover not only the present flood plain, known as the 
‘‘bottom,’’ but also form several terraces, the most conspicuous 
of which is known as the ‘‘second bottom.’’ 
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Underneath the loess and resting unconformably on the 
eountry rock is a thicker layer of Kansan drift, composed of 
mixed clay, sand and gravel. 

The country rock consists chiefly of Carboniferous shale, in- 
eluding some beds of sandstone and coal, and belongs to the 
Des Moines stage of the Pennsylvanian series. (See Pl. X, p. 
448.) Inthe deeper valleys in the northeast corner of the county, 
and in the Des Moines valley for more than half the distance 
across the county, the streams have cut through the Pennsyl- 


-yanian shales and sandstones to the Saint Louis limestone of 


the Mississippian series. Below the upper limestones of the 
Saint Louis a soft sandstone, belonging to the same division 
and popularly known in this region as the ‘‘white water sand 
rock,’’ occurs in a few places. All the strata have a very slight 
southern dip, and in working for coal gentle folds and a few 
small faults have been noted. 


UNDERGROUND WATER. 


SOURCE, 


Water in Wapello county is obtained from the alluvium, the 
drift, the Des Moines stage, the Saint Louis limestone, and from 
deeper rock. Each is an important source of water in some 
localities, though the first three vary greatly in both quantity 
and quality. The only distinct water province is that formed by 
alluvial deposits of the Des Moines valley and its chief tribu- 
taries. 

In the belt of alluvium half a mile to two miles wide lying 
along the Des Moines river valley floor and in very much nar- 
rower strips in the lower ends of the tributary valleys bands or 
belts occur, in which water may be found in sandy or gravelly 
layers, usually within a few feet of the surface. Such water is 
commonly obtained by means of drive points, though dug and 
bored wells are numerous. 

The most common source.of water in the county is the drift. 
Rarely are any wells now found which secure a supply of water 
from the loess, though in earlier years the sand near the base 
of the deeper portions of loess yielded a supply sufficient for 
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the scanty needs of the pioneer. The drift wells are generally 
dug or bored to 20 to 30 feet, though some reach 120 to 130 feet 
before striking abundant water. The shallower wells find a 
meager supply in sand pockets and small veins in the bowlder 
clay. The most prolific source is, however, in a heavy layer of 
sand and gravel at or near the base of the drift. This layer, 
when found directly overlying the shale, is in some places 
eemented into a ferruginous conglomerate and is so similar to 
the Aftonian gravel as to suggest an older drift sheet. 

The drift waters, when uncontaminated, are of good quality 
and, being comparatively easy of access and comparatively free 
from’ deleterious mineral matter, are generally used for do- 
mestic purposes. Most. of them contain carbonate of lime, and — 
occasionally a ferruginous precipitate forms in them when they 
aré exposed to the air, but neither of these is particularly 
baneful. 

In villages and in the vicinity of the coal mines these shallow 
waters are subject to pollution and should be used with caution. 
The quantity supplied from the gravel bed at the base of the 
drift is in some places sufficient for all demands of even large 
stock farms, but generally the drift wells are insufficient except 
for household use or for small farm supplies. Large open wells 
must be dug to increase inflow, and to form suitable storage 
reservoirs, or the drill must be resorted to and a rock well be 
tried. | 
The Des Moines stage (or Lower Coal Measures, as it is 
popularly called) is composed chiefly of shales with a few beds 
of sandstone and coal. The shales are of no value as water 
bearers, since they are very impermeable and therefore com- 
paratively dry. Water is commonly found in the coal beds, but 
it is not potable, owing to the abundance of iron and sulphur 
compounds it carries in solution, this being characteristic of 
most of the waters of this stage. Some sandstone lenses are 
so free from mineral as to afford satisfactory supplies, but these 
are local and uncertain. 

Many of the best farm wells of the northern and western por- 
tions of the county penetrate the Coal Measures and enter the 
Saint Louis limestone, the upper part of which consists of a 
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compact, even-bedded white limestone 20 to 30 feet thick, with 
cherty and marly layers. In some wells a good supply of hard 
water is found in the joints, and in the underlying calcareous 
sandstone of the Saint Louis, known as the ‘‘white water sand 
rock,’’? a supply of good hard water is obtained in quantities 
sufficient for all wells for stock. This water is rarely mineralized, 
and it will probably prove to be the most satisfactory source in 
the county. It is not much used except in the northwest corner 
on account of the depth at which it lies and the expense of 
drilling to it. 

Whatever doubt may exist as to the proper correlation of the — 
deeper sandstones there is fortunately no doubt as to the abun- 
dant istore of water in the upper of the two. It supplies the wells 
of the Ottmuwa Iron Works and the first well drilled by the 
Morrell Company, whose initial flow is reported at 800 gallons 
per minute with a 55¢-inch bore through the water bed. The 
Young Men’s Christian Association well did not reach this hor- 
izon if its depth is correctly reported. In the Morrell well No. 
4a small flow was obtained from 975 to 1,190 feet; when the well 
pierced the lower strata of this aquifer from 1,190 to 1,240 
(1,260?) a flow of 1,100 gallons was tested. 


DISTRIBUTION. 


_ At Larson (formerly Marysville) bored wells draw their sup- 
ply from the sand and gravel layers of the drift at depths 
ranging from 20 to 40 feet, though at one point a mile south 
of the village a drift well 130 feet deep is reported. 


A typical deep drilled well is reported by J. P. Hawthorne, 
two miles southeast of Larson. This well penetrates about 100 
feet of drift and at 200 feet found a strong water-bearing sand- 
stone. The water tastes of sulphur, but is a good stock water, 
‘yielding strongly to windmill with only slight lowering below 
the 30-foot level. It probably draws from a sandstone lens in 
the Des Moines stage. 

One of the deepest stock wells of the county is on the farm of 
Norman Reese, four miles south and two miles east of Larson. 
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The record as reported by A. G. Leonard is given to show the 
relations of the drift, the Des Moines stage and the Saint Lonis 
limestone. 


Record of well of Norman Reese. 








Thickness. | Depth. 





Feet Feet 
60 60 


Drift Clay 2-22 coi cass nsee sen nat nae conen snemewauewnescmmaencmeen ace eae are 

Fi Co UP esse Sia Cina Pbk Oe i ah Sp er ep 3 63 
“Soapstone” - ou _~ +. naan meee penance eee ese nahengres teen eae ee eae een 15 78 
Shale, (Stay 222-22 a te as ac ee cer err ee eed ee 30 108 
“Soapstone” o2- o-5. 5 see on pee ee ene se ene een ames eat gene a ee ee 20 128 
Shale; .biack,. carbonaceous. <2. .2. ee eee 7 135 
COO (i a eS A a a 33 1384 
SOV ugg) (0 CaS ete 15 1583 
“Soapstone”. ncn sc eo ee ete oa eee seme ee need er ae een open eee ee eee 10 to 15 1€7 
FRO oa mm wa on we a ec a a Ra i ee 8 175 
“SOapStONG”? — a ae ae cee ae me ce re ee ee re 10 to 14 188 
Bhale je: Dm Che a aac cnc a re re 100 288 
Limestone (Saint Louis) alternating with thin, blue layers of “‘sandstone”___- 182 470 





‘The record shows the characteristic sand horizon at the base 
of a 60-foot layer of drift. No sandstone lenses are reported 
in the Des Moines stage (Coal Measures), of which 222 feet 
were penetrated; the Mississippian was entered to a depth of 
182 feet. 

Highland wells about Dahlonega are chiefly bored and dug 
in the drift from 20 to 40 feet. The well of George D. Robert- 
son (section 19) is typical. It is 40 feet deep and four feet in 
diameter and does not reach bedrock. The water enters from 
sand at 18 feet and stands ordinarily about 10 feet below the 
surface, but in dry weather may be pumped out by the wind- 
_ mill. The best drift aquifer evidently lies very deep here, for 
in several places in the northeastern part of the township the 
heavy sand layer at the base of the drift is reached only at 120 
feet. 

On the farm of F. J. Remir, two miles northeast of Dahlonega, 
several wells indicate two quite persistent water beds. The 
composite section follows: 


Record of wells on farm of F. J. Remir, near Dahlonega. 











| Tiekness, Depth. 








Feet Feet 
Soll. ona s ee Sowa oe eae neko Seen can eee aw boca ee bee boveeacene sun tee ent an 2- 3 2-8 
Olay, yellow, and loess with light colored sand_---------------------------..-...- 10-12 12-15 
Olay, black; with” gravel: driftcc 2) oe ear ee sae eee ee eae eee 10-20 22-85 
Sand and gravel... 2 anh ne ee ee ee lee eee Be 
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Temporary hillside springs not uncommonly issue from the 
sand at the base of the loess. 


A few wells are drilled into rock. Among these the most 
noted is that at the County Farm in the SH. 4 sec. 32, High- 
land township (T. 73 N., R. 13 W.), 462 feet in depth, which 
reached limestone of the Saint Louis at 200 feet and its water- 
bearing sandstone at about 230 feet. The head is very low, 
standing about 200 feet below the surface and requiring a gaso- 
line engine and force pump. 


The J. Haines farm well, a mile southwest of the village of 
Kirkville, draws its supply from the Saint Louis at a depth of 
177 feet. A strong flow of water was procured in sandstone of 
the Des Moines stage at a depth of 110 feet, though caving pre- 
vented its utilization. The average well about Kirkville is 20 
to 40 feet in drift, though wells are drilled deeper on stock 
farms. 


Shallow drift wells are common in the vicinity of Eddyville 
and many in the valley utilize the sand and gravel underneath 
the alluvium. Good rock wells are, however, more common than 
in any other part of the county, owing to the proximity to the 
surface of the sandstone of the Saint Louis, the best water bed 
of this region. The limestone of the Saint Louis is quarried in 
the bluffs a mile south of Eddyville and the sandstone is ex- 
posed immediately underneath. 


Among these rock wells may be mentioned that of A. J. Gard- 
iner on the upland (SW. % sec. 19, T. 73 N., R. 15 W.), 220 feet 
in depth, which enters the rock at 55 feet and the sandstone at 
214. The well of G. F. Glass, three miles southeast of Eddy- 
ville on the river bottom, enters rock at 25 feet and the sand 
rock at 50 feet, the total depth being 75 feet. The C. H. Leander 
well, three miles north of Dudley, 185 feet deep, reached Coal 
Measures at 24 feet and the sandstone of the Saint Louis at 
157, after passing but seven feet of limestone. The well of 
George Stevens, two miles northwest of Dudley, is 205 feet in 
depth ; that of James Harris, 1144 miles southwest of Kirkville, 
is 177 feet; and that of Joe Johnson, 214 miles south of Eddy- 
ville on thé river bluff, is but 120 feat 
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One of the most interesting wells in this vicinity is that, of 
Stephen Lewis, just south of Eddyville (section 7, Columbia 
township). It is a characteristic blowing well. As stormy 
weather approaches the water becomes roily and the well rum- 
bles and roars with a rush of air which jars and rattles the 
pump. Although the water is derived from the sandstone of the 
Saint Louis at a depth of 80 feet, the air apparently issues from 
the limestone at a depth of perhaps 60 feet. The well was 
drilled in 1903, and at that time the phenomenon was most pro- 
nounced, but it has gradually decreased since. 


A. J. Leonard, two miles northeast of Munterville, (section 
9, Polk), reports water at a depth of 124 feet, beneath 24 feet 
of limestone. Another well 1% miles east of Munterville 
reached the Saint Louis at 210 feet and penetrated it 20 feet, 
when an abundant supply was found. Near Blakesville the 
limestone was struck at a depth of 360 feet. A well in the NW. 
14 sec. 27, Green township, reached the Saint Louis at 350 feet 
and its water-bearing sandstone at 370 feet. 


Owing to the thickness of the drift, the slight probability of 
securing satisfactory water in the Coal Measures, and the depth 
to the Saint Louis, few wells have been drilled in the south- 
eastern part of the county. In the vicinity of Agency some 
bored wells reach a depth of 100 feet. or over, though depths of 
20 to 35 feet are most common. A small flowing well was se- 
cured in the SE. 4 sec. 24, Agency township, the flow coming 
- from the Des Moines stage at 44 feet. 


CITY AND VILLAGE SUPPLIES. 


Eddyville—Kddyville is 676 feet above sea level and wells 
there should find the same artesian waters as at Ottumwa, but 
at greater depths. The water-bearing sandstone found at 417 
feet below sea level at Ottumwa was presumably the Saint Peter 
and should be found at Eddyville at about 550 feet below 
sea level or about 1,225 feet below the surface. The 
logs of the Ottumwa wells are conflicting and no set of drillings 
has ever been preserved. It is possible that the lower sandstone 
is the Saint Peter, and this would be found at Eddyville at 
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about 1,375 feet from the surface. It is quite probable that a 
well 1,500 feet deep would suffice for the town, but more copious 
flows can be had by drilling deeper, the supply increasing to 
2,000 feet at least. | 

The static level is such as to bring the watér to the surface 
with a probable pressure of 20 pounds. In quality it should be 
a good potable water of the sodic-magnesic sulphated class, pro- 
vided that the upper waters of the Carboniferous and Silurian 
are cased out. In all probability gypsum or anhydrite will be 
found in the Silurian, and water-tight casing should be driven 
to the Galena. 

Eldon.—The location of Eldon (elevation, 630 feet) in the 
Des Moines valley gives it an elevation so low that artesian 
water will be found within moderate distance of the surface and 
will rise to the curb under a good pressure. The Des Moines 
valley extends here approximately along the line of strike of the 
strata, and the Ordovician dome of southeastern Iowa causes 
a slight rise toward the southeast, the dip from Keokuk to Ot- 
tumwa measured on the Saint Peter being 1.6 feet to the mile. 
At this rate the water bed supposed to be the Saint Peter at 
Ottumwa (Pl. X) would be encountered at Eldon at 400 feet 
below sea level, or about 1,030 feet below the surface; but the 
absence of complete and reliable data both at Ottumwa and at 
Keokuk makes accurate estimates impossible. Above the sup- 
posed Saint Peter, water may be expected in the limestones of 
the Devonian and Silurian; below the Saint Peter, for several 
hundred feet, the flow should be largely increased from creviced 
and porous dolomitic beds and intercalated sandstones. 

If the upper Mississippian waters are cased out the well . 
should supply a potable water of fair quality of the sodic-mag- 
nesic sulphated class. Sodium sulphate may be the chief min- 
eral in solution, but some sodium chloride, or common salt, will 
also be found. The pressure of the water at the curb may reach 
20 to 25 pounds. 


Ottumwa.—The public water-supply franchise for Ottumwa 
(population, 22,012) was granted to the Public Water Company 
in December, 1903, for a period of 25 years. The water was 
formerly drawn from a power canal leading from Des Moines 
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river opposite Turkey Island down past the main pump house © 
in the city, 144 miles below. Dams across the two channels of — 
the river connécted with a levee divert the water into the canal, 
and this still furnishes the greater part of the power necessary 
to operate the plant. 

The water is now obtained in part from a well 20 feet in 
diameter and 25 feet deep, sunk on the island just above the 
levee. An infiltration gallery, 250 feet long and seven by eight 
feet in cross section leads into the well. As this supply is inade- 
quate the additional amount necessary is taken direct from the 
river through an eight-inch intake pipe. 

A pumping station at the well on the island is equipped with 
two electrically driven pumps, each having a capacity of 5 ,000,- 
000 gallons a day, which force the water against a head a 44 
pounds through the two 24-inch pipes leading to the main pump- 
ing station. To avoid danger of accident during high water 
these pumps are set in a steel tank 18 feet square and 15 feet 
deep, the top being well above high-water level, and the suction 
of both connected with a header through which the water may be ~ 
drawn from the well, the river, the sedimentation basin, or all 
of them. 

The main pumping plant is in a modern fireproof station, 67 
by 90 feet. Water and steam are both provided for power, the 
former through the canal, which operates five turbines under a 
head of 714 feet. These furnish sufficient power for most of — 
the year. Four horizontal boilers supply the steam power. — 
Two water-power pumps, one having a capacity of 2,000,000 and 
the other of 3,000,000 gallons, are connected with a 125-horse- 
power Corliss engine in such a way that they may be operated. 
by steam if necessary. There is also a steam turbine pump 
having a capacity of 5,000,000 gallons. Two electric generators, 
one driven by water and the other by steam, generate the cur- 
rent needed to operate the pumps on uarkey Island and the 
pumps at the auxiliary station at the reservoir and light the 
company’s buildings. 

The city is built’ on two levels, the business district being on ~ 
the ‘‘second bottom’’ of Des Moines river and the modern resi- 
dential district on the bluffs, about 180 feet above. It there- 
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fore requires two waterworks systems. The lower level is sup- 
plied with water under a head of 210 feet, from a reservoir of 
2,000,000 gallons capacity, receiving its supply directly from the 
pumps of the main station. The higher part of the city is sup- 
_ plied with water under the same head by a motor-driven pump 
located at the reservoirs. 

Two standpipes, each 56 feet in height and six feet in diam- 
eter, located on the 24-inch mains, one at either pumping sta- 
tion, regulate the flow in the pipes and give head to operate an 
old series of Jewell filters when the condition of the river water 
- is such as to necessitate its being filtered. 

A new sedimentation basin at the island station and a clear- 
water reservoir at the nearer station are contemplated at an 
early date.’ 

On the ‘‘second bottom’’ of Des Moines river, a terrace about 
20 feet above low water, driven wells have generally replaced 
the older open dug wells. These average between 15 and 20 
feet in depth between Main Street and the river and have a 
maximum of about 30 feet in the vicinity of the fair ground. 
The water occurs in alluvial sand so fine that ordinary screens 
are of no use, and 60 to 120 gauze is required with large ex- 
posure. 

Between Main Street and the foot of the bluffs bored wells 
fitted with six-inch drain tiles are common. The fineness of the 
alluvial silt and sand causes the water to be somewhat roily. 

On the bluff dug wells are still used though the supply there is 
from the drift and is meager and of poor quality. Cisterns are 
frequently used for domestic supply. 

A spring worthy of mention is that of William Wheaton in 
the northeast portion of the city, from which 75 to 100 barrels 
per day flow. The water is stored in a tank by means of wind 
and gas engines and sold for household use throughout the 
city. 
On the south side of the river practically all the wells are 
driven, the only exceptions being in the west end where the 
sandstone of the Saint Louis is found within 15 or 20 feet of the 
surface and is occasionally utilized; the well of B. A. Williams 


‘Eng. Record, vol. 53, 1906, No. 13, p. 420. Fire and Water Eng., Feb. 3, 1906, p. 54. 
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enters it to a depth of 80 feet. The average well is about 24 
feet in depth. The water-bearing sand is here overlain by 10 to 
12 feet of yellow clay and is generally coarser than on the north 
side. The water is generally good though hard, and is inex- 
haustible. After a time the point is coated over with sand 
cemented into a conglomerate with lime and iron. The fact that 
but a few feet of loamy clay separates the city from its water 
supply makes this sand a questionable source of supply. 

The Wabash Railroad Company uses for boiler supply a bat- 
tery of 17 driven wells which reach the rock. The water is 
pumped into a 30,000-gallon tank, from which about 10,000 gal- 
lons a day are used without ever running short. Though some- 
what hard, the thin scale which forms breaks easily and the 
water does not cause foaming. 


Similar results are obtained at the Dain Manufacturing Com- 
pany’s plant, where all of the water used comes from the 
alluvial sands. In thé open heater a slight yellow iron precipi- 
tate is formed and a thin flaky scale forms. The water stands 
10 to 12 feet below the surface. | 

The country rock at Ottumwa is the Des Moines. (See Pl. X, 
p. 448.) For the nature and thickness of the deeper formations 
dependence must be placed entirely on the identifications of the 
drillers’ logs, in the absence of any drillings from any of the 
wells. In a number of important points these logs are in sub- 
stantial agreement, and correlations may be made with consid- 
erable assurance. But the real natures of several strata and 
their places in the geologic column remain in doubt because of 
the total lack of direct lithologie evidence. 

After passing through thin superficial deposits the drill pene- 
trates the rapidly alternating limestones, cherts, shales, and 
sandstones of the Saint Louis limestone and the Osage stage. 
The shales of the Kinderhook are reached at about 200 feet 
above sea level and apparently extend to about 40 feet above sea 
level or even lower. Leaving the Kinderhook, the drill passes 
into a complex of limestones with more less shales interbedded 
at different horizons, the whole attaming a thickness of 300 to 
375 feet. The lower 125 to 150 feet of this complex is deseribed 
by one log as ‘‘limestone,’’ as ‘‘caving rock’’ by a second, and 
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as ‘‘shale’’ by a third. The drill next encounters a sandy lime- 
stone from 75 to 125 feet thick. As at least some of the drillers 
seem to have had wide experience, and as they speak of the 
arenaceous dolomites of the Prairie du Chien stage in the same 
terms it is quite probable that it is here a true arenaceous lime- 
stone rather than a limestone which crushes under the drill into 
erystalline sand. All logs agree that this sandy limestone rests 
on a water-bearing sandstone from 75 to 100 feet thick, whose 
top may be reckoned at about 430 feet below sea level by an 
average of probabilities, although variously placed in the logs. 
Below this lies 100 feet of limestone from which the drill passes 
into 20 feet of green shale overlying a white sandstone 40 feet 
thick whose summit stands at about 630 feet below sea level. 
Hither the first or the second of these sandstones is the 
Saint Peter, but which of the two it is must be left in doubt, 
although the question could be settled at once by inspection of 
cuttings if these had been preserved. Favoring the theory that 
the lower sandstone is the Saint Peter is the fact that it is called 
a white sandstone and that it is overlain by a shale definitely - 
stated to be green. We seem to have here the assocation of the 
Saint Peter sandstone and the green shale of the Platteville 
found in all near-by deep wells, as indeed it is found in almost all 
the deep wells of the state. The fact that no shale is reported 
overlying the upper sandstone favors this reference. The up- 
per sandstone and the sandy limestone which rests upon it, 
then, fall to the Silurian and may be taken as the equivalent of 
the water-bearing Silurian sandstones found at Centerville and 


-Washington and certified at these two stations by cuttings of 


the strata. 

Bearing against this reference is the thinness of the beds in- 
tervening between the two sandstones, which must represent 
the entire thickness of the Maquoketa, Galena, and Platteville. 
At Centerville these beds are about 290 feet thick, at Washing- 
ton about 450, and at Pella upward of 500 feet thick, and at 
Ottumwa the logs allow for them only about 120 feet. (See Pl. 
X, p. 448.) The fact that the Maquoketa is absent from the sec- 
tion, as no shale underlies the upper sandstone, is not decisive; 
since it is also absent at Centerville, although present in force 
at points north and west of Ottumwa. 


734 UNDERGROUND WATER RESOURCES OF IOWA 


If the upper sandstone is assumed to be the Saint Peter, the 
shale reported in one well at from 137 to 307 feet below tide 
must be referred to the Maquoketa, but as this rests directly 
upon the ‘‘sandy limestone’’ and as less than 150 feet intervene 
between the shale and the sandstone the same difficulty recurs as 
to the thinning out of the Galena and Platteville. 


If it be assumed that the lower of the two sandstones is the 
Saint Peter, the drill at about 1,300 feet passes out of it into 
the Prairie du Chien stage, with perhaps still lower terranes 
undistinguished from it with the evidence at hand, the whole 
forming a complex of limestones, sandy limestones, and sand- 
stones extending, according to the logs, to the bottom of the 
deepest well, 1,562 feet below sea level. The description of 
these strata as given in the Ottumwa well logs is altogether 
similar toé that. given of the Prairie du Chien wherever found. 
In a general way the Prairie du Chien at Ottumwa tallies with 
the beds below the Saint Peter at Centerville. From 800 to 
1,250 feet below sea level these beds are generous in their yield. 


The Ottumwa Iron Works well is 1,150 feet deep and six 
inches in diameter; casing to 600 feet packed with lead at bot- 
tom. The curb is 648 feet above sea level. The original head 
was 50 feet above curb; the present head is above curb. Water 
comes from 1,040 feet. Temperature, 62° F. .The well was 
completed in 1888, at a cost of $3,000. ‘ 


This well has shown loss of pressure. It still overflows and 
is used to supply water-closets at the works. The lessened 
flow is attributed to defective packing and to the loss in the. 
well of a smaller pipe that was being inserted. The sinking of 
other wells has not affected the discharge. The strata pene- 
trated are said to be mostly limestone to the water bed at 1,040 
feet, and below that sandstone. 


The Artesian Well Company well No. 1 has a depth of 2,047 
feet and a diameter of eight inches; cased to 1,200 feet. The 
curb is about 648 feet above sea level. The original head was 
108 feet above curb by pressure; the present head is 103 feet 
above curb. The original and present flow is about 700 gallons 
per minute. Water comes from 1,015 feet. The temperature is 
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variously’ reported as 70°. F: and 67° F. Date of completion, 
1889. In 1904 the well was repaired by recasing-to 30 feet’ 
below the curb, where a leakage was found to occur. 


“Driller’s log of Artesian Weli Company well No. 1 at Ottumwa. 




















Thickness. | Depth. 
Feet Feet 

rc ee 8 ee ee ee ee aks) a eee Ugo st 21 21 

Sa Teste es NIC eS 2 DP MD She La 21 42 
ee nt iy RR eI IMR a a ea Ae a ye 14 56 

GD CSS DS, 2 = Ge ER SG Se a a i ae aa ee 30 86 
oe ent Pt EE ee Te aL oe ee a 146 
a= oS ee ee eee eee 19 165 
paeacioue, SEER Dipankar cae 41 206 
ST GTR WS OO o/s po. ae SIR ES SEE OS ae pe a pe ce ae 30 236 
Te Eas Yen ces AaB UIA Pea ee ES aa A re 195 431 
Shale Be ee ee Ee ee a ee ee saa sien oa exes apace 160 591 
EE SR SEARED TS Sed a 380 971 
22 TLE LEE Saari cote Pag Pd VT fins Ve le Ske 5 Seek os aR ee A le 96 1,067 
PROCS ELCS mn OV EN CA rae Sok aac me canbe canecwrenacwenatcauss 110 1,177 
poe and Virals] oy eV ee See 2 BE ES Ee ae RE Se ee nee ee 2 1,377 
Se ee ee 19 1,396 
Limeston fae am an anne nnn nn an sn gn nn nn nnn se nn ene ne oo =n === 319 1,715 
i imestone AUSECK) DOBTIN es os ete ett ts a eren Set tendon emia saat daswlene 332 2,047 





The Artesian Well Company well No. 2 is 1,552 feet deep and 
eight inches in diameter; cased to 1,200 feet; packed down 100: 
feet with concrete. The curb is about 648 feet above sea level 
and the head about 76 feet above curb. The flow is about 300: 
gallons a minute, the water coming from 1,250 feet. Tempera- 
ture, 70° F. The well was completed in 1897 by J. F. Kearns, 
of Ottumwa. 

The Young Men’s Christian Association building well is 800: 
feet deep. The curb is about 648 feet above sea level and the 
head, by pressure, nine feet above curb. The flow is 33 gallons 
a minute; temperature, 65° F. The well is used to supply _a 
swimming pool and baths. 

The packing house well No. 1 of John Morrell & Company 
(Ltd.) has.a depth of 1,110 feet. The curb is 643 feet above 
sea level. The first flow came in at 280 feet, and increased at 
710 feet, the main flow being struck at 1,015 feet. The well was 
completed in 1888. It was reamed out in 1892 by the original 
drillers, J. P. Miller & Company, to a diameter of 12 inches to 
19 feet, 8 inches to 518 feet, and 55¢ inches to bottom. The flow 
was then 800 gallons a minute. The pumping capacity in 1908 
was 207 gallons a minute. The head in 1895 was 35 feet above 
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curb; in 1896, 32 feet above curb. The loss of flow was gradual 


and was attributed to filling with sediment. No repairs have - 


been made since 1892. 


Driller’s log of packing-house well No. 1 of John Morrell & Company, Ottwmwa. 


Depth 

in feet 
SutfaGe ts sascsse seo plan nell hse pce eo ee ee cee re ee nee 80 
Slate. 222 us Sees ce ae a ace ee ee 100 
Slate amd “lime. 4 fa. . i225 sana ans ees eee ee en eee ee 110 
Limesand sands. 222222222253 nh ok ee re a ee 215 
Solid) 1M 6 ten. -b ba a SS a ee age 255 
Winter flowed (22. 222.22 oon nee sce 8 Se 2a ec ee ee eee ws eal 280 
T9) C enh ao a oe eo pe er be ot ee 312 
Lime and streaks of sand...._-. 2-2-6225 bok en a en ee 330 
VaMMe, Sse cel Se oa Sh a a ae a a ec ee a 360 
Shale. < 25a s 3s wna a ae oe es ne eo ee eee gee ee ee re ee ee 440 
Solid roche 2-=.~ 22 42 2 on te Se a a ee ep 625 
E'Low INnCYeéased.. ..225~ oe one ene eke whee ee et ee 710 
Sandstone, water bearing -----------------------------------------------------------=--- 1,015 
Sandstone) |=... <2 +--+ o 8 nas a a et ie re i ee 1,100 


Packing-house well No. 2 of John Morrell & Company (Ltd.) 
has a depth of 1,554 feet and a diameter of 10 inches to 25 feet, 
954 inches to 97 feet, 8 inches to 540 feet, 6 inches to 994 feet, 
5 inches to 1,320 feet, and 4 inches to bottom; casing, from sur- 
face to 25 feet, from 437 to 540 feet, from 842 to 994 feet, from 
1,244 to 1,320 feet. The curb is 643 feet above sea level. The 
original head was 57 feet above curb; the head in 1893, 49 feet 
above curb. The original flow was 1,000 gallons a minute, and 
the tested capacity in 1908, 214 gallons a minute. Repairs none. 
Loss attributed to filling with sediment. The water comes from 


1,085 feet. Temperature, 64° F. The well was completed in 


1892 by J. P. Miller & Company, of Chicago. 


Driller’s log of packing-house well No. 2 of John Morrell & Company, at Ottumwa. 


























| Phiekmess. Depth. 
Feet Feet 

Surface. 2 sees ok Se ee ee ee ee 17 17 
Limestone sabe. oo tie ead oe ee ee ee eee 8 25 
SHAG) Sens a ee eS Fe eee » 71 96 
TES: 1 Ac) eget A a neler eee were SIL ET se ee 344 440 
Oavitte® TOC ee ee Ok Ee se a ee eee ee eee eee 90 580 
Sandy limestone 150 680 
SHATei taco btee eee eee ee th ee ee eee 35 715 
Delmas fone yee ee hh eS a a ee eee eee 140 855 
Oa vil TOGK © Sos oe eh cee an a ae es a ee ee 130 985 
Limestone; 23 28 ear ee ee ee ee ee eee 65 1,050 
Sandstone issn Soot ek LR ee ee ee 65 1,116 
TAMOSTONO RS ee ee ee ED eee 110 1,225 
Satrdstomn@ te .2- eee oe ee pec es a eee, ee ee 15 1,240 
Shale and sand 70 1,310 
Litnesto te: a2 sb es ayn eh cece 170 1,480 
SandstOnes, cose ees eee owes ge aeeee se 1,580 
Sandy. Tinestona, So 33 se sca tae oS a we dsls wan bee ee oe ea eee 24 1,554 
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Packing-house well No. 3 of John Morrell & Company (Ltd.) 
bas a depth of 1,702 feet and a diameter of 10 to 65 inches; 
easing, 8 inches from surface to 1,360 feet, later, 10 inches from 
surface to 76 feet, 1,360 to 1,702 feet uncased. The curb is 643 
feet above sea level and the original head was 50 feet above 
curb. The original flow was 1,500 gallons a minute; pumping 
capacity in 1908, 244 gallons a minute. Repairs none. Tem- 
perature, 67° F. The well was completed in’ 1898 by J. P. 
Kearns, of Forrestville, N. Y. It was first bored to 1,702 feet 
with a diameter of eight inches below 425 feet. As some trouble 
was experienced with caving rock from 1,210 to 1,360 feet, 
and as the well yielded only 900 gallons a minute, it was reamed 
to 10 inches to a depth of 1,360 feet and an eight-inch pipe in- 
serted to this depth, when the discharge was increased to 1,500 
gallons a minute. 

Packing-house well No. 4 of John Morrell & Company (Ltd.) 
has a depth of 2,205 feet and a diameter of 12 to 65¢ inches; 
easing to 1,310 feet; with hemp packer. The curb is 643 feet 
above sea level. The head, in 1905, was 46 feet above curb. The 
original flow was 1,450 gallons a minute; tested capacity in 1908, 
1,500 gallons a minute. A small flow came in at 1,190 feet; a flow 
of 1,100 gallons, tested, at 1,260 feet, and of 1,450 gallons, tested, 
at 1,896 feet; all rocks were water bearing between 1,451 and 
1,896 feet, no increase at 2,205 feet. Temperature, 70° F. 
The well was completed in 1905, by J. P. Miller & Company, of 
Chicago. 

Driller’s loge of packing-house well No. 4 of John Morrell € Company, at 

Ottumwa. 


aLog below 1,240 feet sent by driller to the survey. Log above this depth supplied by tha 
company, probably from the log of another driller. 











| Thickness.| Depth. 








Feet Feet 
22% 


IOAN Rew haat ES SO Sa Soya Ee al Sh eae Se eR eS a. eRe ed Feet 22% 
CEs Later ere Rhy 7 2 ater Se eee Tee fe Se ee ae ae eee 634 96 
ERINORL OU ME Stet eli alels thi keG..-..2..k. a See ee ee eee Ss es 834 430 
METAB M TERIOR ONGSL cts: 2- 2 oo ST ee ee a ees 205 635 
COU OR), EGE Gy a ep ec ele Bk. SEES “ae ee ee 35 67C 
PIUReOTERDale LANG BUONC. 4 --— sos =. ere tee ae ee ee et one ese 50 724 
SPIYSR CT) Game ee aes pees Ok oe. a pe a Rae ie ee nh eh ad 60 73 
MTEEE ALTE yy ean Rs Se oe SE INR RTE eo pe ie ee ie a ae Re ee 170 950 
Peer inrrec hs ncarotian ter es ee es So os a ee ee eek 125 | 1,075 
BencseonGeatia limestone, SMmAll Now. 2-2 ocesse onan ears ee eee eee 115} 1,1% 
Wy averstOck (1-100) rallons: flow vice. obewoce e  e ee ee 50] 1,2” 
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738 
Drillers log of packing-house well No. 4 of John Morrell & Company, at 
Ottumwa.—Concluded. 











Limestone, waver, pearing es... bo Si es a ee ee ee 
Shale, 
Sandstone, WRILG posse ne oe ee ee ee ee ee eee 
Limestone, with ‘streaks\of shales... eee eee 
Sandstone; white! ssc oe nn ee ee ee eee rea 
ATMOS ONG Se es oe ce on ee See eee 
SANGEtONO Row ne oe oe ne denen elon nae ee ee eee 
SLT OST ONG eee oa oe Sn es oe rte rein ce oe lee ewes eee ete es ee ee 
Sand or ‘sandy slimestone-2..... 5 cca ee ed en eee 
Limestone ‘with erevices...L.. 22 a cr ee eaneeaeeee 
Sandstone, white st ose kee aaa eee ee eee 
Limestone with streaks of sandstone. 2-6 sso en ree 
SEAIMGBL ONO eee eee ee ee ee eee 
LAMESTONG,  SADOY was oe oe hak cae Seow sa era an on ee cama ee ne ee ee 
STWR EOMG | ee a nae, ere wo sin en om a ea ee 
Sandstone; “white! 20s) re eee 
Limestone, sandy, with crevices.:...--<. -... Se eee 
AMOST ONG Wack Slaw kn os cw ccc ees So ee ee arnt SO ere eae 
Limestone, sandy, or hard sandstone... 2S ee ee eee 


imestone —22 sli. co oi an cnc nee nce rowan ee ogen aan aber asenegerneanacee nee 


eee Oe a came neta els a ie coe css maleate dp Soeapipngs ma en bas gies ees gocher tne 


Limestone, sandy, or hard sandstone... J. 20 <cpeen cece ec annecenneeas ena eaee 
DANGSTONG fo ae ore cs Ce oc ene e seas a a5 sa CE eee ee oe ee ee 
Tdmestone; (hard. <2. occcs ene con anes noun ee eens eaeree eee sie aateaeaeon 
Sandstone, with. streaks ‘of. limestone_. 2. eee 
Same as above, but thicker streaks (15 to 20 feet)------__--__.-.__-_..--..---_- 


Limestone, hard 


LImMestoOne; /SaNyY “a. -a a nnn an oka no ee ee ee eee aan ee 


eee we ewe nn eee ow een owen ee oe = oe oe ee oe on eee oe oo Oe ee we ewe een eee 





WELL DATA. 


The following table gives data of typical wells 
county : 


Typical wells of Wapello County. 








ov 


SSSE88 


Thickness | Depth 
20 | 1,260 
16 | 1,276 
88 | 1,314 
11 | 1,825 

5 | 1,330 
25 | 1,355 
10 | 1,365 
68 | 1,423 
28 1,451 
84) 1,485 
68 | 1,543 
22 | 1,565 
57 | 1,622 
10} 1,632 
83 | 1,665 
15 | 1,680 
65 | 1,745 
45 | 1,790 
45} 1,835 
15 | 1,850 
27.) SL, 8iie 
19 shells 

129 2, 
73 2 
2 
2 
2 


- 


in Wapello 





aed 
2 E 
g iS) 
. Source of 2 
Owner Location ee 2 
g a supply ce 
+ 2 33 
A a q° 
John Curtis ----.|84 miles east of 165 91 |Sandstone (Saint 100 
Eddyville. Louis). 
James Harris ---|13 miles south- 177 ke a ae eee 
west of Kirk- 
ville. 
George Stevens -|2 miles northwest 205 20) |o-—5 CO0s2-ssse--= 
of Dudley. 
C. H. Leander --|3 miles north of 185 40" 152-00 gone ee 
, Dudley. 
Joe Johnson ---./24 miles south of 120 16 |Sandstone (Des 
Eddyville. Moines?). 
S. Hes wamiszecee 23 miles east of 80 25 Sandstone (Saint 
Eddyville. Louis). 
A. J. Gardiner__|33 miles south of 220 55 |Sandstone (Des 
Eddyville. Moines). 
J. P. Hawthorne|/2 miles south of 217 100 incon KAOD Re ane 
| Farson. 
G@. BB. Glass... 8 miles southeast 75 25 Sandstone (Saint 





of Eddyville. 











Louis). 


Remarks 


Hard water. 


A good well. 
Good soft water 


60 |Good water. 

40 |A blowing well. 
----.---|Hard water. 

80 |“Sulphur taste." 
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WASHINGTON .COUNTY 


BY W. H. NORTON. 





TOPOGRAPHY. 


Washington county is situated in the third row of counties 
north of the Missouri line and in the second west of the Missis- 
sippi river. Its relief is due almost wholly to the dissection of 
an ancient plain of glacial drift molded by a continental glacier 
to a well-nigh flat and even surface. The rivers of the area 
have cut their valleys in this once continuous upland to depths 
of 175 feet and more. Bordering the larger streams the coun- 
try is ‘‘broken’’ into a succession of ridges and closely spaced 
ravines. The interstream areas, however, are still largely un- 
earved by any sharp or well-marked channels and form tabular 
divides traversed by shallow swales that mark the beginnings of 
the tributary streams. The area may thus be divided into flat up- 
lands called ‘‘prairies,’’ and slopes, called ‘‘breaks,’’? where 
somewhat rugged. Iowa river forms part of the eastern bound- 
ary of the county, but as it saps the right-hand valley bluffs 
its bottom lands lie outside the county limits. Skunk river 
flows over a wide alluvial floor. English river has developed 
a flood plain 1144 miles wide for nearly six miles from the 
western county line. 


GEOLOGY. 


Washington county lies wholly within the area of outcrop 
of the Mississippian series, of which the Kinderhook stage, the 
Osage stage, and the Saint Louis limestone are exposed to view. 
The lowest stage, the Kinderhook, includes heavy shales over- 
lain by earthy magnesian limestones and gritstones, the total 
thickness being estimated at 200 feet. Upon the Kinderhook 
rests the Osage stage, made up of massive, coarsely crystalline 
limestones. In the southern and southwestern parts of the 
county the Osage is overlain by the Saint Louis limestone, con- 
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sisting of limestones, shale, and sandstones. Some of the lime- 
stone is a breccia; that is, it is composed of angular fragments 
cemented together. Small isolated patches of Coal Measures 
are also found in this county—outliers of the coal fields of the 
Des Moines stage. (See Pls. X, p. 448, XIV, p. 660.) 


The Pleistocene of Washington county includes but two drift 
sheets. Immediately upon the country rock lies the Nebraskan 
drift sheet—a tough, hard, dark blue stony clay, in many places 
containing small fragments of coal and bits of wood, and in 
some places at its base glacial gravels. Directly upon the Ne- 
braskan or separated from it by stratified sands and gravels 
and in a few places by an old soil or forest beds—interglacial 
deposits known as the Aftonian—lies the Kansan drift sheet. 
This stony clay is normally blue in color, but is oxidized and 
turned yellow for a considerable distance below its surface. 
Upon the Kansan lies the loess—a thin, yellow, or gray gritless 
silt or dust deposit, which everywhere mantles the uplands of 


the county. The average depth of the Pleistocene over the 


county probably exceeds 100 feet. 


UNDERGROUND WATER. 


SOURCE AND DISTRIBUTION. 


The water-bearing beds of Washington county consist of the 
alluvial sands and gravels of the flood plains of the rivers, the 
glacial sands and gravels of the Pleistocene, and the limestones 
of the Mississippian. The first named are limited to portions 
of the valleys of Skunk and English rivers and their larger 
affuents. The second forms a province as wide as the entire 
county. The third, or Mississippian, also includes all the county 
with the exception of a deep buried river channel extending 
from northwest to southeast through the town of Washington, 
and hence designated the Washington channel. Along the line 
of this ancient river valley the limestones have been cut away 
to great depth and water is sought and found in glacial sands. 


On the flat uplands ground water stands high, and house wells 


and wells adequate for small farms with little live stock may 
be obtained in many places within 50 feet of the surface. 


4 
iy 





ee « 
ae 
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A soft gray silt, underlying the yellow loess and attaining in 
places a thickness of 15 feet, supplies many shallow wells. A 
second water bed, consisting of streaks of reddish sand and 
gravel varying in thickness from two to three feet up to 20 and 
even 30 feet underlies the yellow pebbly clay of the area. A 


-portion of this sand is often cemented to ‘‘hardpan’’; and a 


good roof of hardpan overlying water-bearing sand and gravel 
may be reckoned as distinct good fortune to the well maker. 

A third water bed is found in layers of reddish sand and 
gravel underlying the blue pebbly clay of the drift (either the 
Nebraskan or the unaltered Kansan) and resting on the coun- 
try rock. This sand is said by drillers to be thin and seldom 
supplies water in adequate amount. 

Washington channel supplies many deep wells from its buried 
sands. In the town well of Washington a large amount of water 
was struck at 235 feet in these sands, and a number of farm 
wells tap them at depths exceeding 200 feet. 

The chief water beds of the county are those of the bedrock. 
The upper rock layers broken by preglacial weathering into 
spalls, called ‘‘shelly rock’’ by drillers, constitute a waterway 
of much importance. 

The limestone of the Osage stage, which is found immediately 
underlying the drift over the larger part of the county yields 
copious supplies from porous layers and from seams separating 
massive beds. Some drillers report that the cherts and flinty 
beds interleaved with the limestones of the Osage are espe- 
cially reliable as water carriers. Water-bearing crevices, where 
the drill drops a foot or more, are said not to be uncommon in 
this easily soluble limestone. 

Water may also be found in the Saint Louis limestone which 
forms the country rock over the southwestern part of the county. 


The thick shales of the Kinderhook stage will be found dry. 
When they are reached without obtaining a sufficient supply of 
water the question of going deeper should be carefully consid- 
ered. If this is decided against, the well may be shot with nitro- 
glycerin at the top of the shale, the well having been filled up 
to this height if the drilling has been continued below it. The 
well of Mr. L. Stout, in Brighton township, reached a depth of 
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425 feet, having been sunk 215 feet in the Kinderhook. The 
well was then plugged at the top of the shale and shot with 
nitroglycerin, the flow being trebled in amount by the opera- 
tion. In case this heroic treament is not successful, the only 
course remaining is to abandon the drill hole and drill again in 
some other place, since torpedoing a well makes it impossible 
to sink it deeper. 

Some notes may be added as to conditions in different town- 
ships. In Brighton township wells about Verdi are from 80 
to 120 feet in depth and draw their water from a blue flinty lime- 
stone with some streaks of shale which may be referred to the 
Osage. In Marion township a highly mineralized corrosive 
water is found in drift sands and gravels, rock not being 
reached. In West Franklin, Duck Creek and Seventy Six town- 
ships wells find the rock usually at about 100 feet, and obtain 
water in the ‘‘shelly rock’? immediately beneath the drift. In 
the latter township, however, a strip of ‘‘deep country’’ extends 
from the Keokuk county line for five or six miles on the north 
side of Crooked creek and parallel with it. There rock is said 
to lie from 200 to 400 feet from the surface and most wells are 
‘‘sand wells.’’ 


CITY AND VILLAGE SUPPLIES. 


Ainsworth—At Ainsworth (population, 408) the waterworks 
are owned by the town. Distribution is made by compressed air 
under a pressure of 65 pounds. There are three-fourths of a 
mile of mains, seven fire hydrants and 60 taps. The capacity 
of the system is 12,000 gallons daily and the consumption is but 
4,000 gallons. 


Washington—The town of Washington (population, 4,489) 
draws its supply from deep wells. The consumption per diem 
is 200,000 gallons. The domestic pressure is 47 pounds and the 
fire pressure from 90 to 100 pounds There are 9 miles of mains, 
73 fire hydrants, and 600 taps. The waterworks are the prop- 
erty of the city. 


City well.No. 1 has a depth of 1,611 feet and a diameter of 
10 to 4% inches; casing, 10-inch to 244 feet, 614-inch to 461 feet, 
54-inch from 563 to 818 feet, 414-inch from 1,400 to 1,468 feet. 
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The original head was 44 feet below curb; head in 1896, 54 feet 
below curb; head in 1907, 133 feet below curb. The well is now 
pumped with air lift; capacity, 95 gallons per minute. The tem- 
perature is variously reported as 72° and 74° F. The well was 
completed in 1891 by J. P. Miller & Company of Chicago. 


City well No. 2 (Pls. X, XIV) has a depth of 1,217 feet and a 
diameter of 12 to 6G inches. The head is 58 feet below curb. Wa- 
ter was found at 300 feet, but was cased out, the present supply 
coming from 1,105 feet; capacity, 62 gallons per minute. The 
well was completed in 1897 by O. G. Wilson. 


City well No. 3 has a depth of 1,808 feet; casing, 14 inches to 
256 feet, 10 inches to 610 feet, and 8 inches to 1,470 feet. The 
eurb is 738 feet above sea level; the initial head was 100 feet be- 
low the curb; head in 1911, 70 feet below curb. The capacity 
under compressed air is 300 gallons per minute. The water 
comes chiefly from 1,808 feet. The well was completed in 1908 
by C. B. Brant of Indianapolis, Indiana, at a cost of $10,000. 


Water levels in Washington City well No. 3 while well was being drilled. 











ee 








Head 
Geologie division Depth | below 
eurb 
Feet Feet 
PACE TEL I pe aya pe el a eit SI ee ce et Ee ae 500 2 
ETN hs. a par Sh ie ta ie as EE RE en ey ee) 563 120 
HIDEO TORCNATIUR COTOn tos tees os a eee re ee a ee 1,215 110 
er ME LSIEI ECLA ANOS LONG sso ees eee ee ay A 1,365 95 
SsPtIM TIMER LICR DONO Ss tons ene eee eer eee) VCRs Ne eae |, 670 83 
aaa OMA RUTOHCR TOTMIRUION Geos 5c ee eee ee ee ee errs ee es ee oe eh 1,808 80 
Description of strata of city well No. 3 at Washington. 
Depth 
in feet 
Quaternary (285 feet thick; top, 7388 feet above sea level)---------- 235 


Carboniferous (Mississippian? Ne 
Sandstone, buff and reddish buff; microscopic angular grains; 
Hint OF) SAME” COlOT ie ssa ae tees cca low eiaas arene encosedeeeaons 242 
Carboniferous (Mississippian): 
Kinderhook stage (198 feet thick; top, 503 feet above sea 


level)— 
Shales siieht, blue; splasticojesritless ose on news 265 
SSiaiew Nard, DrOwilieny Oras. USsileoe---- eee eee ese eee. 360 
Shale, hard, green-gray, calcareous; in rounded chips; 
WAS ROCs fos ike ee. Jenene oa Rea nanece sins a 385 


Devonian (101 feet thick; top, 305 feet above sea level): 
Silurian (29 feet thick; top, 204 feet above sea level): 

Dolomite, light buff; siliceous, with microscopic quartzose 
particles, and cherty, with white calciferous sandstone; 
grains fine, imperfectly rounded; chips show microscopic 
Peas VA Cor gate LDC ee Bae Seti eS Sas Pe 534 

Dolomite, dark drab mottled; light gray, pyritiferous, 

’ slightly quartzose residue; with white chert; some quartz, 
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ESR DOVE) 220.2800 ous k lak ee ee 563 
Ordovician: 
vee eels shale (147 feet thick; top, 175 feet above sea 
eve 
Shale, light green, plastic; noncalcareous; in molded 
NESSES? Vise Soo a Lo he no a ee eee eee 563 
Shaie, vdrab, hard. noncaléareous- see cee ee eee 615 
Shale, green, hard, noncalcareous-...-o--- 620 


Galena dolomite to Platteville limestone (398 feet thick; top, 
28 feet above sea level)— 
Dolomite, dark brown, granular crystalline, argillacéeous, 
of Galena facies; and yellow, earthy; three samples-_- 710-790 
Limestone, light gray; rapid effervescence; cherty; seven 


SAM PleSsi =. ons a cos es Soe eee 900-980 
Limestone, light drab and yellow-gray; with brown, and 

highty inflammable stlales. 2. seen ae 1, 030 
Shale; as above; with light brown and gray limestone--..- 1, 037 
Shale, hard, green; and limestone as above------ .-_.----.. 1,043 
Limestone, light yellow-gray and brown; rapid effer- 

vescences four ‘samples’ <k.7 22-252 ae eee 1, 050-1, 085 


Dolomite, brown, hard, crystalline: 2222322 eee 
Shale, hard, green, fissile; and sandstone; white rolled 
noncalcareous grains; larger grains about 0.8 milli- 
meter diameter (in log of earlier well this horizon is 


given as sandstone 2 feet, arenaceous shale 16 feet)---. 1,090 
She Peter sandstone (103 feet ‘thick; top, 870 feet below sea 
evel)— 
Sandstone, white; well rounded grains, larger up to 
1 millimeter diameter; two samples-_-_--__~--....----.-- 1, 115-1, 117 
Sandstone, fine; grains imperfectly rounded, rusted, 
native color; white; seven samplés_---.-2 1, 150-1, 208 


Prairie du Chien stage— 
Shakopee dolomite (142 feet thick; top, 473 feet below 
sea level)— 
Shale, light green; in hard molded masses; some 
Quartz Sand’ ou. 22250220 co) eee a ee ee 1,211 
Dolomite, gray, cherty; some oolitic, highly arena- 
ceous chert; drillings largely sand; grains reach 1 


millimeter in diameter; two samples ee eee eae 1, 215-1, 230 
Dolomite, light yellow-gray, crystalline; considerable 
quartz sand and ereen shale 222 oe eens eee 1, 235 
Dolomite, gray-buff, arenaceous; some chips show 
embédded. srains . tan. 22 2eece cee eee 1, 250 
Dolomite, light gray, arenaceous; some embedded 
erains; Some. Sand a 22-4.62222 5 secu een eee 1, 280 
Sandstone; as at 1,165 feet; sample misplaced-_----------- 1,310 
Dolomite, light drab, arenaceous; some sand and em- 
bedded “erains® £2252... 225-62 eee 1,320 


New Richmond sandstone (27 feet thick; top, 615 feet be- 
low sea level)— } 
Sandstone, white; grains imperfectly rounded, second- 
ary enlargements; larger grains of 0.8 millimeter 
diameéter 20-535 oie eee eee 1, 360 
Dolomite, pink; considerable quartz sand in drillings_. 1,370 
Sandstone; as at 1,360 feet; cherty; some oolitic chert-- 1,380 
Oneota dolomite (210 feet thick; top, 642 feet below sea 


level)— 
Dolomite, pink and buff; a large part of drillings 
QWartZ. Sand. 6 siS eee caso sence pe ee eee eee 1,390 
Dolomite, Nesnt esray=-Duil Bisse eee 1, 415 
Chert,. white; in large chips, some oolitic; two 
SAMDPlES) ec ess eee ee ae ee eoen one ea eae ee eee 1, 420-1, 425 


Dolomite, light gray, clean of sand; and whitish, pink 
and brown; with siliceous oolite in places; two 


BaD ples) nib so asso noo as ae ao oe eee ek ee eee 1, 445-1, 590 
Cambrian: 
noes sandstone (150 feet thick; top, 852 feet below sea 
evel)— r 
Sandstone, white, fine; grains imperfectly rounded; two 
Samples * 2.22222 s. ase ese ea ee eee eee eee 1, 595-1, 600 
Sandstone, white; larger grains reach 1 and 1.2 millimeters 
GliamMeter « <<cesh ene. ca ew eee ca ecace be eee eee ae nee ee eee 1,612 
Sandstone, fine, : white. o226co-. eae ase eee es 1,620 
Sandstone, white, hard; in suite and detached ate: 
secondary enlargements; two! samifles2 S222 -s2 esses. 1, 625-1, 650 
Dolomite, gray; much BANAL ic ad cK A ee eS eee 1,670 
Sandstone,” white;  fines.s2el vesicle ea eee 1,705 
Sandstone; as above; and light gray dolomite_------------- 1, 730 


Saint Lawrence formation (68 feet penetrated; top, 1,002 feet 
below sea level)— 
Dolomite, light gray and whitish; drusy pyrite at 1,745; 
two samples sols. Sle lse eee ee eee eee nee eee 1, 745-1, 770 
Dolomite, -Meht> pink-. 2-6 ses See nae eee eee eo ana ne 1, 808 





UNDERGROUND WATERS OF THE SOUTHEASTERN DISTRICT 

































745 
Driller’s log of city well No. 8 at Wushington. 
Thickness.| Depth 
Feet Peet 
PIDRO Man TILOrGaNG |. WLUG) Clay 22s. A eee ee dee PES oak 65 65 
CASES SO T9 (5 patsy NS J a a ES NE ei Re ee a ee 5 fv) 
ELD Gi, LUTE) oc allele RR eee CE Ee ee eee eee Oe enter re 85 105 
OS OVE CUCL ype 3 ani fi RT IRONS Saal C8 iT eae ie ee ke ye eee ee 3 12 117 
Cutis, ott 2 Se rr er eS as = a ee ees 118 | 235 
Sh OS! Se Sr eae 82 ae TT ee ee ee ee ee Eee 7 | 242 
Shale, white -_. 118 | 360 
Shale, brown -- 25 | 385 
Se ALCATEL 2 le og ek a a aa a oo oe eee 50 | 485 
Limestone, brown 40 475 
Limestone, gray 52 527 
Limestone, brown Uf 534 
Limestone, gray 29 563 
LOCI ny UN DPC. Sa AAR St el. 2a. oe ee ee Sees 42 605 
NT CUE TL eg eae Bote SOMES 2G ORR le el es ee Seno 15 620 
ROLE DUO = eae Sco a oe Saba = ot ach ty ee 2 a ee oe ee eee ree 80 700 
TST ERS “JOSP rg pa OR (2 20 Rg gs 2 ee Meet Nepean ee en ee tee ee ee eee 35 | 735 
Nn EE SY ee DSI a oO Sa tin aaa SE 8, Scie oe fee ee eee 28 763 
Limestone, brown, shelly 27 | 790 
Limestone, brown, hard 10 | 800 
Limestone, 228 1,028 
Limestone, 22 1,050 
Limestone, 40 1,090 
Limestone, 18 1,108 
Sandstone, 103 1,211 
Shale, blue 4 1,215 
imrrecancueceusneliy., DATO. coe ne cao nen need Soe eee enema ete ee mem 15 1,230 
LE PEC OT Ta AOE tye 0 | RES Sy SE eee ee 123 1,358 
REM DMe EWU UOb! BOT toca nese ee aaa en oe ree pace anne ewe era een arewee naan eens 12 1,365 
Ly Fes Te ee a ee es ee ae 10 | 1,375 
Se sRB LEE DESIGN LGC tr BO 0 san in eae oa ee ee nen ae ee anlar en sean enam } 5 | 1,380 
ITT ASTLO CEE OTR YP crn 8 mg pe Sn a ep eee Soe eee, 20 1,400 
Dn Cotes, RP ANGE [G) 0 SUES aaa A a ee ee ee en 80 1,480 
SCC TOME TL COMET AL Ot ne eres orn ete ee rae eee ee een anew ena oe 110 | 1,590 
BU GRICIR DOU WT LCG 5) SOL ac ere a we er i eo a ee 80 1,670 
ERAT PETS We OCT A Vig MLS SU RC i ces tare ce oe ee ete oe omen Seen 30 1,700 
Ba Cee EL 0 5 BO cae aca wes te ee i les ein oe Se ee ae naa 40 1,740 
CR TOE ELOY oe VIET Cees sees ye oe oo eae rar re ee eee eames ence ime 63 | 1,808 
TIN GEICO te: POLES UE (a ae eS eee ee 5/ 1,808 
Record of strata of a well drilled in Washington previous to 1888 (Pls. X, p. 448, 
XIV, p. 660). 
Adapted from report by Calvin: Am. Geologist, Vol. 1, 1888, pp. 28-31. 
Depth 
in feet 
Pleistocene (350 feet thick; top, 738 feet above sea level): 
Sand, gravel, blue clay; forest bed with peaty matter and 
Cones ofA DIES ni STanatelin eC bss -s-o5 nas ee ae 115 
Carboniferous (Mississippian): 
eed age stage (108 feet thick; top, 888 feet above sea 
level)— 
Shales, dark; in part calcareous; samples to-------------. 432 
Devonian (74 feet thick; top, 280 feet above sea level): 
Limestones and shales; at 458 feet, limestone light colored, 
magnsian; with fragments of Atrypa reticularis Linn 
and Athyris) vittata, sblalls samples tooo 3 ee ae 500 
Silurian (170 feet thick; top, 206 feet above sea level): 
Sandstone; calciferous at 532 feet; purer at 585 feet; continu- 
vig t= ap oe a ees Re eT a Sa i ee ee ee 632 
Ordovician: ‘ 
Maquoketa shale (101 feet thick; top, 36 feet above sea level)— 
Shale; bluish or greenish, some with sand; some with 
; calcareous matter; samples continuing to--~------------- 793 
Galena and Platteville limestones (297 feet thick; top, 65 
feet below sea level)— 
iimestone, veri y isha Seid D) Climates. atee renee ean 803-963 


Limestone and dark, fine-grained, carbonaceous shale---. 1,020 


Limestone; facies of Platteville------------------------------ 
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Sandstone ys * 222626. ean Ses ee 1,0 
Shale, arenaceous -—.. 25. eae ee ee 1, 084-1, 095 

Sent ese sandstone (128 feet thick; top, 362 feet below sea 
evel)— 


Sandstone, pure white, granular; resembling refined 
sugar; some drillings changed to reddish or brownish 
by atmosphere and moisture; samples from-------- 1, 100-1,200 
Shale, bluish’ \ ss -22s0s2 5. tee eek se eae ae 1, 228 
Prairie du Chien stage— 
Shakopee dolomite (2 feet penetrated; top, 490 feet below 


sea level)— 
Handstone), . STAY 3-3-2 52a ee een eo eee 1,230 


Wellman.—The public supply of Wellman (population, 724) 
is drawn from eight 3-inch wells 70 feet deep, located 50 feet 
apart and joined to a single steam pump. Their combined yield 
more than equals the capacity of the pump—225 gallons per 
minute. The two best wells yield 149 gallons per minute and 
one of these alone can supply 80 gallons. The wells are sit- 
uated about ten feet above the level of Smith creek and head 
four inches below the curb. Rock was here reached at 30 feet 
from the surface. Water is distributed from a tank, whose 
eapacity is 3,500 gallons, through more than a mile of mains. 
There are 12 fire hydrants and 54 taps. The domestic pressure 
is 60 pounds and the fire pressure 100 pounds. The daily con- 
sumption is 6,500 gallons. The works are the property of the 
town. 


Minor supplies—The water supplies of minor villages are de- 
scribed in the following table: 


Minor village supplies in Washington County. 


























4 Pa 
2 “4 Head above or 
= 8 below curb 
Town Nature of supply iS i ES 

a Bey gq Lu oe 

a ao =) 30 oo 

o v2 o ag 5 o 4 

=) (=) Q RQ (=) 

Feet | Feet Feet Feet Feet 
Crawfordsville -.--._|Dug, bored and drilled wells_---| 15-140 |_------- 60-100 —10 —20 
Haskina + 2-2---.|Bored wells: 222-22 8s ee 20-100 100 = 6 |. 2a 
Nira. re iW @lis' soko sc oo eS ee ah os) Oar le eee ee +6 
Rubio --------------|Driven, bored and drilled wells-_| 30-190 |_------- 50 | 20 1a 
Ri VOrsiG0 eee =| ODED BW EUS ee eee eee ee 18—'50 122 eee 25.| —35 |—30 to —60 
Weat. Ohester -——-- pus wells; 2.223, 5 See 18-500. Se 85 —10 —30 





UNDERGROUND WATERS OF THE SOUTHEASTERN DISTRICT 747 


WELL DATA 


The following table gives data of typical wells in Washington 
county : 


Typical wells in Washington County. 














ad 
o 
° 
h —_ 
ef ° 2 Remarks: 
Owner Location = o (Logs given in feet) 
i aa — 
a 2 532 
oO o ° D 
A A | NM 
PMaNe, 2.99 W. 
(Part of Lime 
ek Feet | Feet 


i Ww. NW. sec. 25) 92 78 |Limestone-| Valley. Diameter, 2% inches. 
George G. Sigler-.|§ 4 4 Water also in sand at 60 feet: 
discharge 4 gallon per minute. 
Heads 2 feet above curb. 





i BIN Wom 2 ROC. G2" 2 oo | 168 | 140 |Sandstone- , 
cada me cise miles south | Of) 180e)179' |2=22 = 4-----|Ends in shale. 
See | Nira. 
eee eee tt mile. south iof Nira) 790 89 |__.____--.._|Creek bottom. Flowing well; 


now failing. 
TG Ns, t0. 9 W. 
(Seventy-Six). 










































O. K. Stoutner__.|Northeast es apaelag a 4 |------------ 
Northeast o Clog: ey Soe cas | i 
eee mal SE. 3 ee Suze 1S AU ABO Meee eae ee he of drift, 450 feet.” 
(Faliman-.o.|OW. 2 sec. 17-225 ABO | Cee Fa) ea: _Do. 
tg ae Sere 5 551 |___-__|____._......|Joint and dark brown clay, 60; 
PB. H. Talman.__/Sec. 19 sand, 10; clay, 70; rock, 3; 
clay, yellow and brown, and 
changeable mixed with some 
gravel, 60; shale light gray, 
gritless, with a bed of bluish 
rock 30 feet thick, and bed of 
rock in the middle, 250; sul- 
phur, very hard, 4; rock, soft- 
er, to 551 feet; where water 
was struck; water salty and 
laxative, 
Mik iGgeeoe Sy 2 ok SeCs (S4o eee) sey) 100 eo 
a eet SEs gee. Bose sae ib hs |) Gli p| Eee Bee 
_ cia eg ae SH./3-sec, (27 ee O70 | 170 Tamestone. gueane ee below leetley a 
S : Shee pe BS bbe Pale (0 Sena as preceding well. 
D. Fisher -—--|NE. 4 sec, 27 Heads 30 feet below curb. 
___|22 miles southwest of| 330 |_---__ by OA Sans No rock except a shell of soap- 
aeaies °° | | Lexington. stone at 100. No water. 
Oparies »kroger...{NW. 4. sec. 31_.-..-22}) 180} 105) |-2.—.-.- 
Me soetuit ca... o|9W. 2 sec, $0...-.2.. ao at Hes ey 
= Ree, MOsL see mestone. : 
Bae oniner. S uitits southwest of| 100] 100 |__--..__-.___|Plenty of water in shell rock. 
Lexington. 
T. 75 N., R. 9 W. 
(Part of Dutch 
Creek). 
rel ified ae ay 3 lg bea cae i Maltin al 
ames Brinning--- A S060, SO -eeonee aCe p : 
W. Horning ---.-|About 2 miles south-| 280] 80 |---..-..-.__ Drift, limestone; shale; lime- 
west of Grace Hill. prone, Heads 90 feet below 
curb. 


Bey pugie —-..- |About 1 mile south-| 180 100 |... 
west of Grace Hill. 
Wemlh ml GUIS... = 1 SCC. 18 oa. u cece foe dew 920) [eee anae 
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Typical wells in Washington Cownty—Continued. 
























is) wy ‘ * 
© “ ese 
° Remarks: 
Owner . Location 5 2 Ree (Logs given in fee 
ve we} a & 
Se die eg 
a A m= 
| 
T.-76 Nek. 8 w.| Feet | Feet 
(Cedar, part of : 
Franklin). ~ 
Dee Monroe: sencoe (NYY. nee. | 8122-40-24), 90 EAeee Gravel__-_- 1 
McOurdy =-|NBS | sec. 31.—--_---|' 162) 161 }2=-2 ; ; 
TS 7b Nessa aw + ‘ + i 
(Parts of Frank- } 
lin and Wash- ; 
ington). ty 
WHATICSe GUY) se-—l0 VV <2 & BOC. (Olesen en pace a |aan | eee ee eneny PILE, ahoOn 
Alexander Houk --|3 miles west of Wash-)_----- 210+). So oe 
ington. 
ED NOUN esa kusti ovis 
(Part of Wash- 
ington). : e- 
County Marm <2. |See. 7 ~=.<.222.2-2.] 2865/9. 2 o|-2 eee eee Wood sande seedamean 
blue clay. 
John Graham 2--1% miles “east ‘of|2-=--2) 250 |Gaeeeeee ) 
Washington. : 
ADEN SUN te dha: OY ? 
(Brighton; part 
of Marion). 
L. Stout --...|See. 22 .__.-.1..-.-..| 425 | - 20 |Lithestone-| Foot of biutte simmucr 
toms; clay, 20; lin 
shale, 215. 
TiN... R. 7 W. 
(Part of Ma- 
rion). 
William Hamilton|Sec. 6 ----------------| 150 |--___.|[Sand and |Upland. Red clay, 3 
: Gravel. shale, a blue clay 
' any pebbles, 100; 
gravel, 20. ear 
TON. Ry fo W 
(Jackson). 
George Foster ~--|Sec. 23 ---------------) 313 |------ Sand --__--|Ends in sand under 200 
a soft blue clay. 
pe Ay S| SN | ae eee aoe eRe we bpd eterna ninitele iG! ath ect 
ceding. mf 
Eee DING iy EeenOn We 
(Oregon). 
Livery stable -...|Ainsworth —.._--_-_--_|_____- 50 |_-----------|20 feet above railway | 
O,-Peatsons =22-|2, miles. (south: » of) (2222. SS istie ee 
; Ainsworth. 
7. 74 Ni R. 9 W. 
(Clay; part of 
Dutch Oreek.). 
. 
John Fleig -------|Richland -------.-----| 168 | 37 |Limestone_|Water in rock at 165. © 
: 120 feet below curb. _ 
Henry Lewers --.-|NW. 2 set. 3_-------- 240 below | 





ig 
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CHAPTER XI. 


UNDERGROUND WATERS OF THE NORTH-CENTRAL 
DISTRICT. 


INTRODUCTION 





BY W. H. NORTON. 


The north-central district comprises the eleven counties of 
Butler, Cerro Gordo, Floyd, Franklin, Hancock, Humboldt, Kos- 
suth, Mitchell, Winnebago, Worth and Wright. The predomi- 
nant dip of the Paleozoic strata is southward. (See Pl. VII, p. 
324.) In the northern part of the area the strata dip gently 
toward the east, the axis of the trough lying apparently in - 
Floyd county. In Floyd and Butler counties a strong south- 
westward dip is evident, The gradient of the Saint Peter 
southwest from Osage to Fort Dodge is about 9.5 feet per mile 
and from Mason City south to Hampton is nearly 20 feet per 
mile. 

The rocks immediately underlying the drift in Mitchell, 
Worth, and Floyd and most of Butler and Cerro Gordo counties 
are Devonian; in the remainder of the area, except in 


western Kossuth county, where Cretaceous formations appear 
: 3 b 


the rocks are Mississippian. 

The geologic and artesian conditions in the eastern half of 
the area are fairly well known through the records of wells at 
Osage (PI. VII, p. 324), Charles City, Mason City (PI. V, p. 280), 
and Hampton; but in the western half the only well reaching 
the Paleozoic sandstones is that at Algona, and of this well 
practically nothing is known. 

The Paleozoic rocks thin rapidly toward the west and north, 
and some of the formations probably disappear. Thus, at Eim- 
metsburg, a few miles beyond the western boundary of the area, 
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from the bottom of the Cretaceous to the top of a rock called 
granite by the drillers, is but 632 feet. (See Pl. XVI, p. 814.) 
If the Algonkian or Archean rocks were really reached at this 
depth, the entire Paleozoic is here comprised within little more 
than 600 feet, though at Des Moines it exceeds 3,000 feet; if the 
bottom of the well is in dolomite, as the drillings indicate, and 
this belongs to the Prairie du Chien stage, the same narrow limit 
is set to a body of rock which in eastern and central lowa ranges 
in thickness from 1,700 to 2,000 feet. 


Pennsylvanian rocks appear only in a few townships of Hum- 
boldt county. The Niagaran is probably present only in greatly 
attenuated beds, and the Devonian may thin out before it 
reaches Kossuth county. The Maquoketa may persist through- 
out the area, and the Galena and Platteville probably underlie 
it all, although they seem to become increasingly shaly toward 
the west. If the deeper sandstones have been correctly corre- 
lated, the Saint Peter maintains a thickness of about 100 feet 
to the extreme northern and western boundaries of the area— 
a fact of prime importance in the matter of artesian supplies. 
In the eastern counties the divisions of the Prairie du Chien 
stage are well marked, and the Jordan, Saint Lawrence, and 
Dresbach formations are also distinguishable. In the south- 
western counties the dolomites of the Prairie du Chien stage 
may become increasingly arenaceous and give place in part to 
sandstones. 

If the Minnesota well records are correctly interpreted, the 
Saint Peter sandstone should be found in the northern tier 
of counties at about 600 feet above sea level, and in the south- 
ern tier, along the south line of Wright and Franklin counties, 
at about 300 feet below sea level. Thus, it is so near the sur- 
face that its waters, together with those of the limestones and 
sandstones immediately below, can be exploited at no very 
great expense over the entire area with fair chances of success. 
Wells carried 400 or 500 feet below the base of the Saint Peter 
will in most places tap the water beds of the Prairie du Chien 
and Jordan or their western equivalents, and should reach 
the shales of the Saint Lawrence formation. It will hardly be 
advisable to drill through these shales to the Dresbach sandstone. 





¢ 
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The red clastic beds (Algonkian ?) found in Minnesota may 
occur also in this area, but as these beds yield little water their 
exploitation is hardly more warranted than is that of granite 
or quartzite. 

The artesian waters of this area are of high grade. (See 
pp. 164-167, 171-173.) 


BUTLER COUNTY 





BY MELVIN F. AREY. 





TOPOGRAPHY. 


In Butler county the soil is everywhere fertile and tillable 
and agriculture is the principal occupation. There is no large 
city in this county, but there are eight or nine towns and vil- 
lages, with population ranging from 400 to about 1,150. With 
‘ two exceptions, Allison and Bristow, which are on the prairie 
level, the towns are in the valleys of the principal streams. 

The area is crossed from the north and west by three tribu- 
taries of Cedar river. Shell Rock river traverses the northeast 
portion for a distance of 20 miles or more, its drainage area 
comprising about three-eighths of the county. West Fork of 
Cedar, draining an equal area, flows in a somewhat more east- 
erly course through the south-central part of the county for 
more than 30 miles. The rest of the county, embracing princi- 
pally the south row of townships, is drained to Beaver creek. 
These streams and their larger tributaries, with two or three 
minor exceptions, have broad flood plains of alluvium, which 
constitute fully one-third of the area of the county. 

Between West Fork of Cedar and the Beaver is a ridge of 
Kansan drift, which begins in the southern part of Madison 
township (T. 91 N., R. 18 W.) and the northern part of Wash- 
ington township (T. 90 N., R. 18 W.), and extends to nearly 
the central part of Monroe township (T. 90 N., R. 17 W.). An- 
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other ridge begins in the west-central part of Albion township 
(T. 90 N., R. 16 W.) and extends east on through Beaver town- 
ship (T. 90 N., R. 15 W.), reaching its maximum height about 
80 feet above the valley of the Beaver, not far from New Hart- 
ford. There is also a beautiful cluster of wood-crowned hills 
of Kansan drift in sections 26, 27, and 35, Madison township. 

The Iowan drift plain is 10 to 15 feet above the valleys of the 
smaller streams and 30 to 40 feet above the valleys of the larger 
streams. The natural drainage is better developed than in 
most counties where Iowan drift prevails. 


GEOLOGY. 


Throughout the north and east portions of the county, com- 
prising three-fourths of its entire area, the drift rests on the 
Cedar Valley limestone of the Middle Devonian series (PI. 
VII, p. 324); in nearly three-fourths of the remainder it lies on 
the Lime Creek shale of the Upper Devonian; in scarcely more 
than one township in the southwest corner is it shown by out- 
crops to rest on the Kinderhook stage of the Mississippian 
series. 

The Cedar Valley limestone in this county shows at the top a 
layer characterized by thin plates with conchoidal surfaces. 
Predominantly and characteristically, however, it consists of 
an inferior lithographic rock which is much jointed, shows 
numerous thin clay partings, and usually yields no water. At 
the base of the lithographic layers is a soft, earthy limestone 
which shows water-worn channels of considerable size. 

The outcrops of the Lime Creek shale, so far as observed in 
the county, belong chiefly to its upper heds, described by Calvin 
as the Owen substage, the lower part (Hackberry substage of 
Calvin) being seen in but one locality. The upper beds in the 
main are readily pervious to water, as are the sandstone and 
much-jointed limestone of the Kinderhook stage. 





1Ann. Rept. Iowa Geol. Survey, vol. 7, 1897, pp. 162-166. 
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UNDERGROUND WATER. 
SOURCE. 


Water is obtained from the Buchanan gravel, from the sand- 
stone of the Kinderhook stage, from the base of the upper 
division of the Lime Creek shale (Owen substage of Calvin), 
from the shelly rock layers of the Cedar Valley limestone, and 
from the earthy limestone just below the lithographic beds of 
the Cedar Valley limestone. 


DISTRIBUTION. 


In the part of the county northeast of the valley of the Shell 
Rock, and including all of Fremont and the northeast halves of 
Butler and Dayton townships, the drift is everywhere thin and 


_ rock reaches the surface in many places. Several kettle holes 


and small ponds occur along the northern border. Little trust- 
worthy information concerning the wells of this district could 
be obtained, but a drilled well in the north half of Fremont 
(sec. 22, T. 93 N., R. 15 W.), which was completed in 1904, is 
believed to be typical. The well is five inches in diameter and 
87 feet deep and ends in soft limestone underlying the litho- 
graphic beds. The water is medium hard and plentiful. 


Log of well in Fremont township. 

















Material. | Thickness. | Depth. 





Feet Feet 
Soil ag Sed (Iowan), followed by gravel (Buchanan)-_-----------.-_-.---.---.. 7 7 
and she lly pate UWE pole Fae he oe eNO Ree RA See ee ee eae 20 27 
60 





In the valley of Shell Rock river, a tract about 20 miles long 
and two to three miles wide, the wells range in depth from 10 
to 30 feet, are dug or driven, and obtain an abundance of good 
water in the Buchanan gravel, which everywhere and to an un- 
usual depth underlies the alluvium. The towns of Greene, 
Clarksville, and Shell Rock are in this district. Part of Greene 


is on an elevated bench where the wells are about 50 feet deep, 
48 
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but the wells in the plain have an average depth of 25 feet and 
are mostly driven. Greene has a public well located one-half 
mile north of the railroad station, on top of a gravel ridge 30 
feet or more above the river plain; this well is wholly in sand 
and gravel and is 25 feet deep; water stands in it constantly to 
a depth of 10 or 12 feet. At Clarksville many wells enter the 
shelly rock about five feet, although many stop in the gravel. 
At Shell Rock, at a point where rock is found in the river bed, 
wells are drilled to a depth of 50 to 80 feet, 50 to 60 feet being 
in rock, and the water is hard as compared with that in the 
driven wells in the southeast part of the town, which are 20 to 
- 80 feet deep. The water is of excellent quality. 

In the northeastern part of the elevated Iowan plain lying 
between the Shell Rock and West Fork of Cedar the drift is 
thin, but in the southwestern part it ranges from 100 to 200 feet. 
The wells on this upland range in depth from 65 to 207 feet. 
The shallower wells end in drift, the deeper penetrate rock to 
distances ranging from 15 to 140 feet. 


In West Point township (sec. 32, T. 92 N., R. 17 W.) a well 
200 feet deep is 40 feet in rock; water is olentte but hard. 
Most wells in this vicinity are 160 to 180 feet deep. In east 
half of section 22, same township, a well 80 feet deep wholly 
in drift, yields good water in abundance. 


In Bennezette township in the NE. 4 sec. 19, T. 93 N., R. 18 
W., is a well 207 feet deep. The owner reported 60 feet of drift, 
39 foot of loose rock, and bottom of well in solid rock. The loose 
rock is believed to belong to the upper division of the Lime 
Creek shale. The owner reports a little water in this material. 
A part of the material below this is believed to belong to the 
lower division of the Lime Creek shale, the well ending in Cedar 
Valley limestone. Another well one-half mile south, gives good 
water at a depth of 189 feet. Another a mile north is but 75 
feet deep. 

In Pittsford township, in the NE. 14 sec. 5, T. 92 N., R. 18 
W., is a well 106 feet deep, the lowest six feet of which is in loose 
rock, believed to be the Cedar Valley limestone. At Dumont 
driven wells find water at 15 to 50 feet. Rock occurs at 60 feet 
in the town, but on a hill to the north the drift is 95 feet deep. 
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On the alluvial plain of West Fork of Cedar river is a tract 2 to 
31% or 4 miles wide and about 30 miles long, on which water is 
obtained by driven or dug wells ranging in depth from 10 to 30 
feet, the differences being due largely to the great thickness of 
‘the Buchanan gravel, any part of which ordinarily yields water. 

The western end of the upland region between the plain of 
the West Fork of Cedar and that of Beaver creek is wide and 
is more varied in elevation and character than are other parts 
of the county. This district narrows toward the east until it 
is occupied almost exclusively by the Kansan morainic hills. 
Accurate data for wells in the western part were not generally 
obtained, but it is reported that most wells in this region are 
shallow and end in gravel. Two miles north of Austinville, in 
sec. 10, T. 90 N., R. 18 W., a well 40 feet deep, three feet in lime- 
stone of the Kinderhook stage, yields a plentiful supply of hard 
water. A broad valley of a tributary of the Beaver shares with 
the latter the most of the northern area of Monroe township (T. 
90 N., R. 17 W.) in which the wells are all driven and shallow. 

In the eastern third of this district the ridge of loess-crowned 
Kansan drift hills dominates the topography almost wholly. 
Wells in this area range in depth from 55 to 190 feet and most 
of them end in gravel. 

Near the center of section 27, Beaver township, a drilled well, 
101 feet deep, penetrates rock to an unknown extent. In the 
NW. \ section 27 a drilled well on top of a hill 70 feet above 
the creek valley is 190 feet deep and obtains a plentiful supply 
of water in gravel beneath blue clay. In section 15 a drilled 
well 122 feet deep passes 10 feet into limestone. 

The alluvial plain of Beaver creek is narrower than the other 
valley plains but is in other respects similar, except that in the 
first two or three miles of the course of the creek through the 
southwest corner of the county it is much constricted by steep 
stony bluffs which are held up by limestone of the Kinderhook 
stage. Most of the wells in this valley are driven to depths of 
10 to 16 feet. The deeper gravels are more heavily stained with 
iron and give to the water a taste so disagreeable that many 
prefer the shallower wells. New Hartford, Parkersburg, Ap- 
lington and Austinville, towns on the Illinois Central railroad, 
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are situated wholly or in part in this valley, and obtain their 
water supply largely from the gravels just below the alluvium. 

In the narrow strip of upland south of Beaver creek water is 
obtained by drilled or driven wells. 

In the southeast part of Parkersburg, at an elevation of 30 or 
40 feet above the railroad station, a well 142 feet deep ends in 
gravel just above the rock. In South Parkersburg a drilled 
well gives the following section: : 


Section of drilled well in South Parkersburg. 

















| Thickness.| Depth. 

Feet Feet 
1 bf Ci ae ee immer MAES A NG ee Ee Ss ge ek ee 142 142 
Limestone; water bearing, but not sufficiently so... ss oe eee 28 170 
Soapstone; described by driller as a greasy, solid clay..----.---_..-....--...- 87 257 
Limestone; firm; water plentiful, good, but hard_-------.---.---__.-.---.-_-.... 5 262 





No rock outcrops in this vicinity. The nearest exposure is a 
limestone belonging to the upper division of the Lime Creek 
shale (Owen substage of Calvin), three miles northeast. It is 
believed that the limestone above the ‘‘soapstone’’ belongs to 
this upper division and that the soapstone belongs to 
the lower division of the Lime Creek shale (Hackberry substage 
of Calvin). The limestone in which the well ends must be the 
Cedar Valley limestone. 

Three miles due west of Parkersburg a drilled well is 65 feet 
deep, the last five feet being in rock, undoubtedly the upper 
division of the Lime Creek shale. 

In the east half of section 32, Washington township, a drilled 
well 30 feet deep is 14 feet in rock. This well is in the Kinder- 
hook area and the surface is at least 40 feet above the creek 
level. The water is somewhat iron-tainted: The nature of the 
rock covld not be ascertained. 


SPRINGS. 


Small springs are not uncommon in some portions of the 
county, many having their source in the drift and issuing from 
slopes where the interglacial gravels or sands chance to be ex- 
posed. A few springs issue from limestone or sandstone beds, 
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exposed by stream erosion. Such a spring is in the SE. 4 see. 
11, Pittsford township, near a quarry in the Cedar Valley lime- 
stone. Another is near the center of section 31, Washington 
township. The rock is limestone of the Kinderhook stage. Yet 
another spring is in the SW. 1 sec. 28 of the same township. 
The rock is sandstone of the Kinderhook stage. Springs of 
the type first mentioned are in the SW. 4 sec. 29, Fremont 
township, and in the NE. 14 see. 11 and the SW. 14 sec. 15, West 
Point township. Several springs in Shell Rock township afford 
water for the stock in the pastures. Annias Best, Clarksville, 
obtains a good supply of excellent water from a hillside spring 
piped to his buildings. 


CITY AND VILLAGE SUPPLIES. 


Allison.—Allison (population, 495) pumps its supply by gas 
engine from an 8-inch well drilled to 180 feet, reaching rock at 
40 feet. The water bed is limestone. The well was completed 
in 1899. A deep well would probably reach the Saint Peter 
sandstone at 1,000 feet (50 feet below sea Jevel), and a well 1,100 
feet deep should give a supply ample for the town. 


Greene.—Greene (population, 1,150) pumps by steam from a 
dug well 20 feet in diameter and 25 feet deep, all in sand and 
gravel. The well is walled with limestone. The head is 10 
feet below the curb and does not lower on pumping. The well 


was completed in 1900. 


New Hartford—New Hartford (population, 482) obtains a 
supply by windmill from a driven well 214 inches in diameter 
and 28 feet deep, wholly in gravel. The curb is on a slope 10 
feet above the river. The well was completed in 1896. 


Shell Rock—The town of Shell Rock (population, 741) ob- 
tains its supply from a dug well 10 feet in diameter and 15 feet 
deep, five of which is in limestone. A force pump run by water 
power is used. The water is used for washing and for stock. 
There are 35 taps. The curb of the well is 10 feet above the 


river level. It was completed in 1900. 
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WELL DATA, 


ee 
The following table gives data of typical wells in Butler 
County: ef: 


Typical wells of Butler County. Pa 








ag 
3 
3 
Owner Location yo) Elevation o teu Diameter] be a 
: g 
o - 
os w 19a 
A 


R. oH. a ahaa seen on iomun drift plain} 1906 
OhicarosG 16-8 t)\-0-".do" 12 oe eee 1906 
Western Railway| 

Private —------..--|Dumont; on alluvial plain_-_-|----_--- 


ee nn ee 





Electric Light, Parkersburg; in valley....----| 1892 10 feet “below “Tail- 
Heat & Power way station. . 
Co. i 
» th 
Depth Source ‘Head oe Z 
Owner to of Casing | below Bumped s by) ees 
rock supply : eurb : 
. 
Feet Feet | Feet Cope 
R. H. Stewart_.. 484) Limestone. 48.5 62 (Hand 72.2 eee Domestic. — 
Chicago Great BO oo iwssercree ttn ccs | Sate cs cere Lear aie CRS ORE RN Caen orate cee a Locomotives 


Western Railway 

PMVAte (costs. oo eo nk | ee ee eae ee ee 

Electric Light, 14 |Limestone-| 20 76 “Steam; “Bell “pump: | arene 
vane. & Power ‘ lowers slightly. | — 
Pocky 


r 


. 
? 
+ 


53 : 
i 
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CERRO GORDO COUNTY 





BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY, 


Gerro Gordo county is divisible into two distinct topographic 
provinces. An area nearly coextensive with the western tier of 
townships shows a thick deposit of Wisconsin drift, typical 
morainic topography, poor drainage, and numerous. lakes, 
ponds, and swamps; the rest of the county shows a much thin- 
ner layer of drift (Iowan)'and a smoother topography. The 
drainage system in the Iowan area is, however, well developed, 
many of the streams having eut into the bedrock. 

The formations exposed in the county: include glacial drift 
(Wisconsin and older), Mississippian limestone, and Devonian 
strata consisting of limestone at the top, shale in the middle, 
and limestone at the base. The rock formations dip gently 
toward the southwest; hence, if the drift were removed, they 
would outcrop in parallel bands crossing the county with a 
northwest-southeast trend. Thus the Devonian shale lies next 
below the drift in a belt that extends through Mason City (PI. 
V, p. 280); toward the southwest it passes beneath younger 
strata of limestone, and farther northeast it is absent and the 
underlying older Devonian strata are found immediately below 
the drift. 


UNDERGROUND WATER. 


SOURCES. 


Water is obtained from the glacial drift, the limestone above 
the Devonian shale, the limestone immediately below the shale 
and deeper limestone and sandstone formations. The Wiscon- 
sin drift is so imperfectly drained that where it occurs the 
ground-water table is near the surface and nearly all the porous 


1Calvin, Samuel, Geology of ero Gordo County: Ann, Rept. Iowa Geol. Sur- 
vey, vol. ", 1897, pp. 144 et seq 
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beds are saturated. Many of the wells are very shallow, but 
some draw from beds of sand and gravel at greater depths. 
Where the Wisconsin drift sheet is absent (Pl. III) the drift is 
too thin and well drained to be a reliable aquifer. In the western 
part of the county, the limestones above the Devonian shale will 
furnish large supplies, but farther northeast, where the shale 
is near the surface, these limestones fail as a source of water, 
and the Devonian limestone that lies stratigraphically below 
the shale constitutes the most important water bearer. 

In the western tier of townships dug and bored wells are com- 
mon but there are also numerous drilled wells, which either end 
in drift or enter rock. Elsewhere in the county drilled wells 
are the dominant type, and several have been sunk to consider- 
able depths. 


HEAD. 


Water from the Galena dolomite and the Saint Peter sand- 
stone rises at Mason City to a little over 1,100 feet above the 
sea, which is slightly above river level at that point, but 140 
feet below Clear Lake, 130 feet below Burchinal, and 90 feet 
below Thornton. Drilling by the municipality and by the Chicago, 
Milwaukee & St. Paul Railway at Mason City seems to show 
that the water in the still deeper sandstones is under less head. 

In the west, the water from the limestone immediately under- 
lying the drift will probably rise considerably higher than 1,100 
feet. above sea level, but if a deep well were drilled the head 
would probably be lowered as greater depths would be reached. 
In the relatively low area at the east base of the high morainic 
belt, the water from drift and from the limestone below the drift 
is under good pressure and will flow in certain tracts, as along 
West Fork of Beaver creek. 


CITY AND VILLAGE SUPPLIES. 


Clear Lake-—At Clear Lake (population, 2,014) about one- 
half of the residents depend on the city waterworks, the supply 
for which is taken from the lake; the rest use private wells, 
most of which are shallow and end in drift. The distribution 
system consists of a standpipe, more than 3 miles of mains, 35 
fire hydrants, and about 140 taps. The average daily consump- 
tion is estimated at 60,000 gallons. 
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Dougherty—tThe railway well at Dougherty (population, 
171) is 417 feet deep and ends in shale which probably is the 
Maquoketa. It is reported to have been pumped at 90 gallons 
a minute and to have a normal water level of 135 feet below the 
surface. 

Emery.—The well at Emery, owned by the electric railway 
company, was drilled into shale, but gets its supply from higher 
horizons. In this well the water stands only five feet below the 
surface and the yield is large. 


Section of electric railway well at Emery. 











| hiekness.| Depth. 





Feet | Feet 
25 | 





St Ek ANE RRS AF 2S 30 | 55 
IEEE RMR CLORED TIGL cee sct. fae ee ee ee oe ee 5 
BUGIS LGOLOLOU)) (on -connase eee one mame coon atten ea ee cep aa anatase cnensaaneneenas 15 





Mason City—The public supply in Mason City (population, 
11,230) is furnished by flowing wells that discharge into two 
large underground reservoirs. City well No. 1, which was drilled 
in 1892 by Henry F. Miller, of Chicago, is 1,350 feet deep and 
eight inches in diameter. The elevation of the curb is 1,077 
feet above sea level, water level at curb. The water beds are 
variously reported at 426 and at 537 feet above sea level. As 
the supply at 426 feet above sea level was far from sufficient, 
drilling was continued to 1,350 feet, where the drill encountered 
a crevice in the Saint Lawrence formation and the flow was 
lost. The well was then plugged at 651 feet. 


City wells Nos. 2, 3, and 4 are 651 feet deep and five inches in 
diameter. The curb is 1,077 feet above sea level and the water 
level is at curb. Water is obtained at a depth of about 600 feet 
in a porous limestone, said to be 40 inches thick, lying above 
the Decorah shale. The temperature of the water is 49° F. 


City wells Nos. 5 and 6, located about 500 feet from the reser- 
voir, are 616 feet deep and 10 inches in diameter, and are cased 
to a depth of 50 feet. Normally the water flows above the sur- 
face, but is lowered 80 feet by pumping. 


762 UNDERGROUND WATER RESOURCES OF IOWA 


City wells Nos. 2, 3, and 4 were drilled in 1892 at the corners 
of a parallelogram 60 feet long and 40 feet wide, the other cor- 
ner being occupied by city well No.1. This space, excavated in 
rock to the depth of 16 feet, forms the reservoir into which the 
wells discharge. The natural flow of wells 1 to 4 combined was 
60 gallons a minute. In 1894 the wells were cased and an air 
lift was installed, 200 feet below the surface, increasing the dis- 
charge to 150 gallons a minute from the four wells. All six 
wells still flow and furnish under compressed air an average of 
400,000 gallons a day with a maximum of 650,000 gallons. 


The water is pumped from the reservoir directly into the 
mains, the combined capacity of the three pumps being 2,109 
gallons a minute. There are 1514 miles of mains, 108 fire 
hydrants, and about 1,000 taps. Approximately one-half of the 
people are supplied from the city waterworks; the other half 
depend on private wells, most of which are drilled only a short 
distance into rock and furnish only small amounts of water. 


Record of strata in Mason City waterworks well No. 6. 




















Thick- 
ness | Depth 
Devonian and Silurian (?): Feet | Feet 
Dolomite, light yellow-gray, subcrystalline; in sand_..-...-.-..--__----------_-- 10 10 
Dolomite, brown, crystalline; in small chips_-_-.--..-.---------_-.---------_--- 40 50 
Limestone, blue-gray, rapid effervescence; crystalline; much yellow-gray flint 3) 80 
Dolomite, brown, crystalline; considerable calcite__.__-_-_-.._-__.-._-.---__------ sO 110 
Limestone, light gray and blue mottled; rather slow effervescence; some brown 
Eatiofomite oy. <1 <2 schoo ee eee pil: Bee Sa oe ie 80 140 
Limestone, brown; rather slow effervescence; considerable calcite---------------- 10 150 
Dolomite, light gray, crystalline, vesicular, fossiliferous.-._._.___--.----------- 17 167 
Limestone, blue-gray, crystalline, of rapid effervescence; and dolomite, light 
yellow, hard, in small chips -and sand.w:_.u a 8 175 
Dolomite, crystalline, brown: 2 sampless-2.2-.--_---- ee eee 25 200 
Ordovician: 
Maquoketa shale— 
Limestone, brown; of rapid effervescence; dark brown inflammable shale 
and blue-gray limestone of rather slow effervescence____--_-----..----___- 15 215 
Shale, medium dark blue-gray, highly calcareous; in large chips_----------- 5 220 
Limestone, blue-gray, argillaceous; rather slow effervescence; some brown 
dolomite + un LA ee ee ee eee 6 226 
Limestone, medium dark blue-gray, argillaceous; in fine chips; 2 samples__ 39 265 
Shale, medium dark blue- -gray, highly calcareous; in chips; 2 samples___-.- 85 300 
Galena dolomite to Platteville limestone— 
Limestone, light gray and whitish, dense, fine-grained; rapid effervescence; 
in large flakes ~---.---__- ee ee pe need eee Tt ey ee 15 315 
Dolomite, gray, cr ystalline; “chips of /drabsclay shale. 2 ee 5 820 
Dolomite, dark brown, vesicular, chertys: 2 ‘satiples=. =. eae 25 845 
Chert and dark gray dolomite..2 oi. 24 ae ee eee 15 
‘Liniestone; ae. at. 815 fects Siz ie 7 ee eee 4 364 
Chert, gray; and dark gray dolomite; oz pariplesoc.. ee ee 21 
Dolomite, brown; much chert _---.--... -. Ree Ae SOR Se RE 33 418 
Limestone, yellow- gray, earthy; rapid effervescence_-___-.-.-._-_--.----_-~_ 15 433 
Limestone, ‘blie-.gray; aud :chert.- 2.2 eee ee 7 440 
Limestone, earthy, whitish, and light yellow; Trenton facies; 16 samples- 140 580 








e 
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City well No. 7 has a depth of 865 feet and a diameter of 10 
inches; casing, 10 inches from surface to 50 feet, 8 inches from 
620 to 750 feet. The curb is 1,109 feet above sea level; the head 
at a depth of 220 feet was 40 feet above the curb; after passing 
the Saint Peter it was about the same as in the wells in the 
reservoir. The only water bed mentioned is at 70 feet. The 
well is 470 feet from the wells in reservoir and 700 feet from 
well No. 6. It was completed in 1910 at a cost of $2,579 by W. 
L. Thorn, of Platteville, Wisconsin. 


Description of strata in well No. 7, Mason City waterworks. 


Depth 

in feet 

Devonian (and Silurian?) (210 feet thick; top, 1,109 feet above 
sea level): 


ture; rapid effervescence; in large chips-_----------.--------_- 25 
Limestone; as above; and dark blue-gray, compact, non- 

magnesian limestone; in small chips-_--.------------------.--... 50 
Dolomite, drab, crystalline; in flaky chips; light gray lime- 

stone of rapid effervescence; some dark blue fissile shale_-. 75 
Limestone, brown-gray; subcrystalline; rather slow effer- 

WMESCENCE; 17) TAG Chl Dio aes eee eee cece ces cote c ces 100 
Limestone, light gray; rather slow effervescence; in sand-_- 110 
Limestone, drab, subcrystalline, vesicular; rather slow effer- 

MEEBCEN COs eRe DLS ene eee oo ee eeu wecaicccce 140 
Dolomite, light brown-gray; in sand_-_-----------.....------------ 150 
Limestone, buff, vesicular, with molds of fossils; rather slow 

effervescence, with lighter nonmagnesian limestone_---_-__ 160 
HO OLOMILLG, = DU fey GO 111 Da be nn oe ocean 170 


Limestone, drab, brownish, compact; rather slow efferves- 
cence; with limestone of lighter tint and rapid efferves- 


ROC TR CO a a ee ee dc ems ck bane esecunn, 190 
Dolomite, drab and brown; in coarse sand------------------------ 200 
Ordovician: 


Maquoketa shale (90 feet thick; top, 899 feet above sea level)— 
Shale, light blue-gray, calcareous, laminated; in large 


chips; also some buff dolomite--_..---......--------------..-- 210 
Dolomite. but, ‘saecharoldal its soa we a oa ene 220 
Shale, light blue-gray, calcareous; in chips; 2 samples-- 240 
Dolomite, drab and brown, vesicular; some brown in- 

flamma bles shel ey seerers see ee ee ake cate a eee 250 
Shale, blue-gray, highly calcareous; in large chips; 4 

BAM POs hse eee eee ee ee re ee eel eeceetate 290 


Galena dolomite to Platteville limestone (450 feet thick; 
top, 809 feet above sea level)— 


HolomIite; STAY 741 Coal Se Sal Oees ons ea nance ceases ee nweeoeee ae 300 
Limestone, gray and buff; considerable calcite; rapid 
GILCrVESCENCCO So leseeeneree senses anas eee sanacenceeneanasenseces-—ee 810 


Limestone, gray, soft; in large chips; rapid effervescence 320 
Limestone, fine saccharoidal, greenish gray; rapid effer- 


vescence; in sand with powder of shale--..-...-.--..--..-- 880 
Dolomite, gray, vesicular; in places cherty, crystalline; 

Dot Set DAV LOS) va ce cee eee ee eer len Seema eet ee eee 380 
Chert, light gray; and blue-gray shale---._.--.--.------------ 890 
Chert, light gray; shale; and hard argillaceous dark 

gray limestone --...---.-.—-....--..~2------+--<-------<<5---= 
Dolomite, dark gray, vesicular; and chert------------.------- 410 


Dolomite, dark buff-gray; disk of crinoids------_-__----------- 
Limestone, dark gray, saccharoidal; moderately rapid 
effervescence; in large flakes; 3: samples_-----_.--.------- 450 
Limestone and shale; limestone of Trenton facies, 
earthy, grayish buff; in chips; fossiliferous; efferves- 
CONCELESDIG. oa. 2-5 ae aaa eran eeeekb eecesecewen secant 460 
Limestone, buff, nonmagnesian-_-_--.---..----.-.----------------- 470 
Limestone, whitish or light gray, earthy, nonmagnesian; 
in flaky chips often of considerable size; in places 
fossiliferous; 12 samples-------.--..---------------------------- 590 
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Description of strata in well No. 7, Mason City waterworks.—Continued 


Limestone, as above, but blue-gray-_------2-- ee 
Eimestone, green-gray; and shalé_. 2202 3 22 eee 
Ldmestone; ‘cream-colored 2.5-o- enn dee cena ee noe 
Limestone, blue-gray; crystalline; in coarse sand_--------- 
Limestone, blue and yellow-gray; in flaky chips; 2 
SAMPLES | Win dace Sick Lakt pp ae ee te ee es re = ee 
Shale, green; in molded masses, calcareous; 2 samples--- 
_Shale, as above; some chips of hard dark limestone of 


600 
610 
620 
630 


650 
670 


rapid effervescence’ 222-2 c fees ee ee ee 
Shale, green; in molded masses; 2 sampleS----------------- ss 
pet green; fine, gritless,. noncalcareous; in splintery 
Chins .esc2-555 4-32 So ee ee ee oe 
Limestone, blue-gray; rapid effervescence; some hard, 
noncalcareous green shale-_-_----..--..-.=.-.---------------- 
Shale, hard, green, noncaleareous; in large chips; some 
limestone moe cece we dco eee tee ee ee 
Saint ag sandstone (77 feet thick, top, 359 feet above sea 
level)— : 
Sandstone, white; rounded grains, rarely exceeding 0.7 © 
millimeter in diameter; 2 samples-_---~----.---------------- 
Sandstone, as above, but slightly finer; 2 samplées_— a= 


Sandstone, as above; largest grains attain 0.8 millimeters 
in diameter; some light yellow limestone and green 


shale; 2 samples- ere pee ee ae Pare eee Se Se 
Sandstone, clean: as: at 780 fect_s:.--2---.--2. eee 
Sandstone, white; with calcareous cement-------------------- 


Prairie du Chien stage— 
Shakopee dolomite (40 feet penetrated; top, 282 feet above 
sea level)— 
Dolomite, light gray and light brown; in fine sand; 
considerable quartz sand; 3 samples Speen ewer PS 


824.850 


Sandstone, calciferous; or limestone, highly arena- «: 


ceous; grains fine, about 0.6 millimeter in diam- 
eter; white, well rounded. 2... -s-25--.--- <4 eee 





Driller’s log of city well No. 7, Mason City. 











| Thickness. | Depth. 
















Feet 


Feet 
Band Vases a oe i no ek a a kk ce ne 4 4 
‘Lime, savhite i.e or a ee eee 26 30 
Lime. ‘blne and White. 1 se o< 08 ok oe kane en ieee eee eee eee 19 49 
JAMO S ory ce ee ae 40 89 
DAMOs7 WHITO oe oe a ar na ea ee 6 95 
AMOS. DEO WD) 6 to ee as ee ct se a ee ee 5 100 
Lim6é,, brown, ‘and shele... i=. ee ee eee 5 105 
Limes gray.) bluish: i.=. 3. eee eee 10 115 
Limes: brown’ 80d" RTSY ons cence ok cc recen en coe ben ease pea estes tee nee 8 123 
Shale inssoift, thin layers. 4.2cccncnes Secu one ete eee eee oo rsa sgn ap nl eh apes cee ead ee pias; 
MALMO S S DIO WIE «oo oon wae pesccltcacioncse arenas en eee et 22 145 
Lime, brown, and shale... 15 160 
PANG RUBY phate ee ot ee 22 182 
Lime, brown and gray------ 28 210 
Lime, brown and gray, and “shale___- 15 225 
AMOS DIU S25 s8 pn ee oe ee ee eee ee 18 238 
Lime;-blue; with shale. a 22s. cS ae aang osc as ob neene ne ae eae i 245 
PHC Den 0) (0 e Seen Nae eRe MN S eaeeel b  pe  a e ah ae 64 309 
LANG SCDIUO TONG. RIB Y enn crc och Gennes eee eee ee tess See ee eee ee 14 323 
Lime; eray and white... nck pede A edn A PE bey ie Rh ke Le 23 346 
Dimes ray Bd Bale an fee a es ee ee pate ae Tee =e. 61 407 
ROCK fe EB Y-DIO WN oe acecne ican cee Reta RGI LY ope oh PS OE dee 135 542 
Rock. eray eng white. oe ee ee ea eae ee eee 46 588 
Lime, gray and white__----....- ES Se 8 SE SA Sh eh aes wake BE 6 594 
Lime: gray end (pinisti- on ee ee ee eee es eA RA a et 81 625 
Shale And (Clay ee on 5 eg enema san wean cea eae ae pale eeaaeeeee 98 718 
Shale; clay, “ano yprown , Nie. - eae eee SE ae a Te oe, 20 788 
« Shale\ and jelayoot.--—.-.---=--— eee eee eee Fe ee re eee PRE ESE 9 GAT 
Sandstone (Saint Peter) <—..—-.....-...—.-.. ped ee peta oe eee me 93 820 
Lime, gray and white_-.-- pai i A ee Lee SE A en ar ee 44 864 





eee 
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The Lehigh Portland Cement Company has two wells located 
in section 33, Lime Creek township, just north of city limits. 
They have ‘a depth of 40514 feet and a diameter of 12 inches 
to 14% feet and 10 inches to 40514 feet. The head is within 10 
feet of the surface. On bailing with sand pump for 1 hour at 
a rate of about 45 gallons a minute the water fell to 30 feet be- 
low surface. The well was completed in 1911 by J. B. Lowe & 
Company, of Mason City. These wells were sunk as a reserve 
supply in case the Calamus creek reservoir supply proved in- 
adequate. 


Description of strata, well No, 2, Lehigh Portland Cement Company, at Mason 


City. 

a does 
n fee 

Ole Dlacle? Nt BAMDIG. le eee I ee ; 

Devonian (and Silurian?): 

Limestone, light colored: tio’ sample___:-___--__2_-_----___._----_- 20 

Limestone, light buff and blue-gray, compact; rapid effer- 
Va beep ite peke Shred Ele hated sietadl owls (cue 1s ob Se eT A ine Reena eel Shen 20 

Limestone, light gray, dense; earthy luster; rapid efferves- 
CS Cee see ee ep Mee ee ee nce netemscane 30 
WoLomite, crystalline pull) amesandss 220 eos ace. 2 LU ole 40 
Dolomite, drab; crystalline? in’ small, chips.—_.-....---..---....- 50 


Dolomite, darker drab; rather slow effervescence; with drab 
fissile shale and some nonmagnesian light colored lime- 


SLONe a oad TiO cae neeen etme ta ne 5 28 2 te ee ee 70-80 
Dolomite, dark gray, hard, vesicular; with casts of fossils; 

Ins largejehl pais sror ee tee 3 ee St Py epee > «pce eae ee 90 
Limestone, nonmagnesian, yellow-gray, compact, litho- 

Sra pbia*(COnCHOld a IWEraOhl YOsusssan i. cosa Soo ok enter ececeta we 100 
Limestone, gray-buff, hard; rather slow effervescence; sub- 

erystallines: ingisand wand sinallehips_s.-..2s..2-22....---.-.-. 110 
Dolomite, blue-gray, crystalline; in small chips_-------.---... 120 
Limestone, light brown-gray; in thin flakes; moderately 

Tapia 7 CY VESCeN Cais cares ee eat wae dae ae ees adse ence n 180 
Limestone, light brown-gray; in sand at 140 feet; in large 

flakes at 150 feet; rather slow effervescence; 2 samples-_--_- 150 


Limestone; rather slow effervescence; gray-buff at 169, 180, 
and 1% feet; drab at 170 feet; hard; in small chips; 4 


HAT DLES Pitas. soma rane eee eee eee ee aaa o eae te eemaeetanaane 190 
Dolomite, brown, crystalline; 2 samples-_-.-_.------..----.-----..-- 210 
Limestone, light yellow, lithographic; nonmagnesian, con- 

ehnoldalr£rachure jacos cee eee oo ee oe eae ee oe wade eee abagece 220 

Ordovician: 


Maquoketa shale— : 
Limestone, brown; moderately rapid effervescence; con- 


siderable brown and black inflammable shale-_-_...----.. 230 
Dolomite, drab, hard; some blue shale; 2 samples-_--------- 250 
Shale, blue, pyritiferous; highly calcareous; in sand; 

AO BSAMADICS) loot eee ee ee en ecg cen 290 
Limestone, highly argillaceous; or shale, highly cal- 

CATGCOUS DL Ose wa eee ae a en eeas one ier nae eee aomaana neon 300 

Galena and Platteville limestones— 
Limestone, drab; rapid effervescence; 2 samples-_-----..----_. 320 
Limestone, light buff, saccharoidal, minutely vesicular; 

moderately slow effervescence; in large chips----.------ 830 
Limestone, as above, but cherty; 3 samples_------.-...-.-.- 860 
Chert, white --...---.----------------------------------.-------..--.. 370 
Chert, white, with hard drab dolomite; 3 samples-___-----.- 400 





The well of Jacob E.. Decker & Sons has a depth of 604 feet 
and a diameter of 10 inches. The elevation is about 1,092 feet 
above sea level and the head eight feet below the curb; cased 
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to 1814 feet. The capacity is 225 gallons a minute and the water 
comes from a depth of 100 feét; temperature, 50° F. The well 
was completed in 1911 at a cost of $1,850 by W. L. Thorn, of 
Platteville, Wisconsin. 


Description of ‘strata in Jacob E. Decker & Sons’ well at Mason City. 


Depth 
in feet 
NO gsamples 2.02220 ~ Soa nce ee 220 
Limestone, hard, fine-grained, brown, nonmagnesian_-__------------- 220 


Shale, blue-gray, laminated; in large chips; some brown 


inflammable shale {223222522 ee ee eee 230 
Limestone, light blue-gray, argillaceous; 2 samples-_-----..--- 250 
Shale, and highly argillaceous blue-gray limestone; 5 

samples | \o-.i=225-- 2S ae ee eee ee ee 300 

Galena dolomite to Platteville limestone: 
Limestone, brown, crystalline, nonmagnesian_-_-_-_----------.. 310 
Shale, blue; some white macrocrystalline nonmagnesian 

limestone .<-2-25< 22255525 See ee ee er 320 
Dolomite, blue-gray; 3 samplessses-c.s 250 ee ee 350 
Chert; some limestone and shale; 5 samples_---.----.--------_--. 400 
Limestone, yellow-gray, crystalline; mostly of slow effer- 

vescence, with chert and shale; 2 samples----------__------_- 420 
Limestone, nonmagnesian, yellow-gray and whitish, 

earthy; 16 samples) <<<. 2-28 n oon re eee 600 





The Chicago & North Western Railway well, located one mile 
north of the station, has a depth of 862 feet and a diameter of 
10 inches to 53 feet, 8 inches to 650 feet, and 6 inches to bottom; 
casing, over the shale of the Platteville from 660 to 749 feet. 
The curb is 1,124 feet above sea level and the head 24 feet be- 


iow the curb. The tested capacity is 6,500 gallons an hour | 


after 10 hours’ continuous pumping with cylinder set 200 feet 
below the surface. Water comes from 650 feet above the shale, 
rising within 16 feet of the surface and supplying 1,000 gallons 
an hour, and from 746 feet, with rise of water 2 feet in tube and 
testing (at 756 feet) 1,440 gallons an hour. The main supply is in 
the Saint Peter at 862 feet. The head of this lower water is re- 
ported at 117 feet below the curb. Date of completion, 1900. 


Driller’s log of railway well, near Mason City. 














| Thickness. 





Loam) Clays -and ev aAy eG) se a a re ee ere ee eae 
Limestone es ee cites coe ea ate ee Se Se ee ere ee pel ere 660 676 


Shale: oo ee eee ee oa a a rs a en ee ee eer 89 765 
Tap png fe TS ce pee Se Pte a ee ee ee 94 859 
Sandstone ----_----- . Bs 


Mud Zane --------+--------------------------------------------------------------- 





Depth. 


Feet | Peet 
16 16 
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The Chicago, Milwaukee & St. Paul Railway well No. 1 has a 
depth of 1,473 feet and diameter of 8 to 6 inches. The curb is 
1.128 feet above sea level. The original head was 2 feet below 
curb and the head in 1896 was variously reported at 30 and 75 
feet below curb. The capacity is small, being insufficient to 
keep a small steam pump running. The well was completed 
about 1879 by Swan Bros., of Minneapolis. The well has long 
been abandoned; in 1896 it was used—or misused—as a depot 
sewer. The water was not found inadequate in quantity, but 
its quality as a boiler water was inferior to that supplied by 
the city. 


Record of strata in Chicago, Milwaukee & St. Paul Railway well No. 1 
(Pl. V, p. 280). 








Thickness.| Depth. 





Pleistocene and Recent (28 feet thick; top, 1,128 feet above sea level): Feet Feet 
TEMES TPO ep entedlesyat es 4 000 es GE Wes FELT ed Cece (S| = Sat a ae Re a eae eee peg ioe 2 2 
Ubi) peal, Das a degen eed DL SER eee La a ole IO appa a i el a re 26 28 
Vewontan and Silurian (276 feet thick; top, 1,100 feet above sea level): 
Limestone, brown, soft, argillaceous..--.-.---------..--- pa FS EE at 3 70 98 
Dolomite, hard, light bluish gray, granular, suberystalline; | some lighter 
and softer, briskly efrervescent limestones ost. seek ooo enon coca dcceee en 119 217 
Dolomite or magnesian limestone, hard, brown......--...-....-------------- 87 304 
Ordovician: 
Maquoketa shale (57 feet thick; top, 824 feet above sea level)— 
POC LG ee cc ns cs a ee es a ceca pinnate! 57 361 
Galena dolomite (350 feet thick; top, 767 feet above sea level)— 
Limestone, magnesian, bard, pale buff......... re 50 411 


‘ Limestone, magnesian, flinty, impure, bluish gray; ei earthy “Juster__---- 300 711 
Platteville limestone (75 feet thick; top, 417 feet above sea level)— 
Shale, green, slightly gritty; with chert and particles of magnesian f 





PRTERC RS DOSING fos fee kala ea as oe ee ea ene ate ee ie ee ila lac nec 55 766 
Dolomite, highly arenaceous; OIG Wetnn 20 786 
Saint Peter sandstone (85 feet thick; top, 342 feet above sea level)— 


Sandstone, fine, white; grains rounded and ground-_-----.-.---------.-.- 85 871 
Prairie du Chien stage (308 feet thick; top, 257 feet above sea level)— 
Shakopee dolomite— 


Dolomite white. 22.05. a2 Lo eneenan ener oncesusacnedacecesescccsmesaccse 113 984 
New. Richmond sandstone— 
“Mixed lime and sandstone’, (no sample). .---.-.-.-__.--..-........ 50 1,034 
Oneota dolomite— 
Dolomite, VUght) CUA Y se erence ener enee gassed en anes nena can ena scenes 145 1,179 
Oambrian: 
Jordan sandstone (70 feet thick; top, 51 feet below sea level)— 
Sandstone, buff and white... pep tess 70 1,249 
Saint Lawrence formation (174 feet thick; “top, “121 feet below sea” level) — 
Dolomite, hard, gray; flakes of rather hard, green shale___..-.-....-... 116 1,365 
Shale, greenish, highly arenaceous; fragments of dolomite: = 2... 58 1,423 


Dresbach sandstone (45 feet thick; top, 295 feet below sea level)— 
Sandstone, gray; larger grains, rounded; many smaller angular frag- 
ments; with some greenish: ai ale ee cc ee a evi cab aeonnnnes 45 1,468 
Cambrian or pre-Cambrian (?) (5 feet penetrated; top 340 feet below sea level): 
“Granite.”’ The sample so labeled consists of sandstone similar to the 
above, rounded grains about 0.25-0.35 millimeter in diameter, with some 
dolomite, chert, and shale; none of the constituents of granite are present 
NCIC ae a a a a na ee ee era eee eer ean 5 1,478 
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The Chicago, Milwaukee & St. Paul Railway well No. 2 has a 
depth of 816 feet and a diameter of 6 inches. The curb is 1,135 
feet above sea level. The original head was 30 feet below curb; 
head in 1908, 126 feet below curb. The tested capacity is 120 
gallons a minute. 


Driller’s log of Chicago, Milwaukee & St. Paul Railway well No. 2, near Mason 











City. 
Thickness.| Depth. 
Feet Feet 
Olay Ween e. seen oe wae Son aoa nan Sale es Awe mice eeene aoe 
DIMOBtONG foes tae one oe ee a rr ee ee eee are oe 659 695 
a Ss eg ee ae Sn ds a sen ese Sh hm a ma sg Sy oe ei cg 30 725 
himestone: Sa22-22e- ib a ee eee ee ee 35 760 





Sandstone. co 223. =. wok nolo ns eo eS a eee ee 56 816 
Shale. ‘ 








The American Brick & Tile factory has a well 207 feet deep, 
and the Mason City Brick & Tile factory one 304 feet deep. 
The water rises within about 20 feet of the surface in the former 
and within about 30 feet in the latter, or to about 1,100 feet 
above sea level in each. Both wells yield large supplies. 


Rockwell. The city well at Rockwell (population, 700) 
passes through glacial drift, limestone, and shale, and ends at 
a depth of 236 feet in limestone beneath the shale. The water 
stands 20 feet below the surface, or 1,110 feet above the sea, 
lowering about 25 feet on pumping for 12 hours at 60 gallons 
a minute. The water is pumped into an air-tight cylinder from 
which it is delivered by air pressure. The total length of mains 
is one-half mile, and there are 10 fire hydrants. Only a few 
homes have service connections, and the total daily consumption 
probably does not exceed 5,000 gallons. 
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FLOYD COUNTY 


BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


The smooth surface of the Iowan drift plain extends over 
Floyd county but is moderately dissected by a number of small 
parallel streams which flow southeastward. The thickest drift 
is found in the northeast in an area which includes the eastern 
and central parts of Cedar, nearly all of Niles, and the extreme 
eastern or northeastern part of Saint Charles townships. Here 
many wells have penetrated more than 200 feet of drift, and 
in one well (NW. 4 sec. 29, T. 97 N., R. 15 W.) a thickness of 
365 feet is reported. Throughout most of the remainder of the 
county the drift is relatively thin, the average thickness prob- 
ably being less than 50 feet, and along the streams rock out- 
crops are common. The numerous irregularities in the rock 
surface on which the drift rests account for the radical differ- 
ences in the thickness of the latter noted in drilling wells at 
points not far apart and on nearly the same level. 


The rock which lies immediately below the drift is probably 
all Devonian in age and consists for the most part of indurated 
but somewhat cavernous limestone. (See Pl. V, p. 280; Pl. VII, 
p. 324.) In the southwest part of the county, including the 
southern part of Scott and the southwestern part of Union 
township, the distance to limestone is commonly 75 to 100 feet, 
but it is not clear from the data at hand whether this depth is 
due entirely to glacial drift or in part to the Devonian shale, 
which is known to be well developed in the néxt county to the 
west. 


49 
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UNDERGROUND WATER. 


SOURCE AND DISTRIBUTION. 


Water is obtained from (1) alluvial and outwash gravels, 
which are practically restricted to the valleys, where they yield 
freely to some shallow wells; (2) glacial drift, which in most 
parts of the county is too thin and well drained to be a satis- 
factory source of supply; (3) Devonian limestone, which con- 
stitutes the best and most largely utilized aquifer; and (4) 
lower formations reached in at least one well—the deep well at 
Charles City. 


In Cedar and Niles townships there are many shallow open 
wells that end in the upper part of the drift, and perhaps even 
more drilled wells that extend to an average depth of nearly 
200 feet and draw unfailing supplies of good water from the 
lower part of the drift or from the limestone. In many of the 
deepest wells the water level is low, in some standing 100 feet 
below the surface. In Saint Charles and Floyd townships some 
wells end in alluvial sand and gravel and some in porous drift 
beds, but the best penetrate the limestone and have an average 
depth of more than 100 feet. In Riverton township, where the 
drift rarely exceeds 60 feet in thickness and is in some localities 
very thin, most of the satisfactory wells penetrate limestone 
and are commonly between 120 and 160 feet in depth. In 
Pleasant Grove township, where the drift ranges in thickness 
from less than 10 feet to more than 140 feet, the wells are 
generally drilled into limestone and have an average depth of 
perhaps 100 feet. In Rock Grove and Rudd townships the rock 
is near the surface and is penetrated by practically all wells. 
The most common depths are between 50 and 150 feet, but in 
the northern part of Rock Grove township wells approaching 
300 feet in depth are reported. Many of the shallowest wells, 
such as those common in the village of Nora Springs, do not 
yield much water, but abundant supplies are usually found if 
the rock is penetrated some distance. In Rockford and Ulster 
townships the drift is also thin and in many places wells must 
be sunk many feet into the rock before obtaining large and de- — 
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pendable supplies. Depths ranging from 30 to 180 feet were 
reported. In the northern parts of Scott and Union townships, 
where the limestone is generally near the surface, most of the 
- wells are between 50 and 125 feet deep, but in the southern 
parts, where the distance to limestone is greater, most of them 
are between 100 and 200 feet deep. 

From the head of water in the deep wells at Mason City and 
at Charles City it appears probable that flows with slight pres- 
sure could be obtained from deep wells onthe lowest levels in 
the valley at Marble Rock, Rockford, Nora Springs and else- 
where, but so much excellent water can be obtained by drilling 
a few hundred feet into the limestone that it would seem un- 
necessary to sink to greater depths even for municipal or in- 
dustrial supplies. 


SPRINGS. 


The largest springs issue from crevices in the limestone at 
places where the streams have removed the overlying drift. 
A good example is afforded by the spring of C. F. Beelar, in 
the valley of Shell Rock river, at the south edge of the village 
of Marble Rock, where a stream of several hundred gallons per 
minute pours from a solution channel in the limestone. 


CITY AND VILLAGE SUPPLIES. 


Charles City—The city water supply of Charles City (pop- 
ulation, 5,892) is obtained from a well 1,587 feet deep (Pl. V, p. 
280; Pl. VII, p. 324), drilled by J. F. McCarthy, of Minneapolis, 
in 1906, at a cost of $3,591. The well is 10 inches in diameter 
to 800 feet, 8 inches to bottom, and is cased from top to 250 feet 
and from 600 to 800 feet; no packing was used. The curb is 
about 1,013 feet above sea level and the head of water 10 feet 
above curb. The natural flow is 200 gallons per minute; with 
vacuum of 7 pounds, 900 gallons a minute. Temperature, 53° F. 
The strata penetrated are shown in the following table: 


” 
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Record of strata of deep well at Charles City. 














Devonian (120 feet thick; top, 1,013 feet above sea level): 
IMOSEONG Pace csen ae a ese aoe om nob an ee ee eee 
Limestone, ‘yellows; rapid effervescence._---.~_ = ee 
Limestone, light brown-gray, rather soft, finely granular, crystalline; moder- 
ately rapid) effervescence: __.. 1. no cite new ee eee 
Limestone, yellow; ‘rapid effervescence... = ee eee 


Limestone, like that at 50-60 feet; some fragments of yellow, soft, argillaceous 
limestone, probably fallen in. <2 -2.220 ee eee eee ae eee 
Limestone, highly argillaceous, in light blue chips; and limestone, hard, gray, 
of moderately slow effervescence; 2 samples. 2202232. os ceeaenp cee ceaecerenee—e 
Shale, blue, plastic, caleareous; 2 ‘Bamples.—. a. ee 


Silurian? (180 feet thick; top, 893 feet above sea level): 


Limestone, gray, soft, granular, argillaceous; earthy luster; slow effervescence 
Limestone, blue-gray, argillaceous; some nodules of pyrite; moderately slow 
epervescence:’ 8 samples.....-32 2 oo saat conn ieee aeeciamece ees ie ere 
Shale, and soft, gray argillaceous limestone.__-.------_---_---__------- eee 
Limestone, blue-gray, argillaceous; rapid effervescence; 3 samples.__---______-_ 
Limestone and shale, limestone yellow with slight quartzose residue, shale 
blue, calcareous, -'‘in .chips...2.-22 en eee eee 
Dolomite, gray, porous, rather hard, with blue-gray shale; in chips----__--__-- 
Dolomite, gray, hard, in part vesicular; with molds of fossils___-__-_-____----__ 
Shale, blue, caleareous; in chips and powder; and limestone, blue-gray, some 
erystalline.and of rapid effervescence, some hard, compact, and of slow 
ellervescence 0 je fn enn ed sacs wpe ha i sae es cakes ees a alee 
eaueene, blue-gray, rather hard; moderately slow effervescence; earthy 
TISTOT en a sn ee nse cnet ene meal ote meee tee eeeege ee ae eee 
Limestone and shale, blue-gray; limestone varying in rate of effervescence____ 


Dolomite, ‘gray; earthy luster; 2 samples.c. 22262 S eee eee eeeee 

Dolomite, gray, minutely saccharoidal; some yellow limestone, probably fallen 

from (above {22... 20 scone ee ae ah een ete eee 
Ordovician: 


Maquoketa shale (110 feet thick; top, 713 feet above sea level)— 
Shale, blue; calcareous, in DOWGeY. 2.2.2. eee pee eee ee 
Shale and limestone; shale blue; limestone gray; cherty; slow effervescence 
Limestone, gray; moderately slow effervescence, rather hard; in sand_-.- 
Shale, light blue-gray; calcareous; in powder with sand of gray dolomite; 


4° SEM Pls ho ook ee pa sees ewe ep es ee be ee 
Limestone, light gray, hard; rapid effervescence; somewhat siliceous__--_- 
Shale; blue-gray; with limestone of rapid effervescence...-..--.._-.-.-.-_.-- 
Galena eh) to Platteville limestone (880 feet thick; top, 603 feet above; 
sea level)— 
Limestone, argillaceous, yellow-gray, somewhat siliceous; rapid efferves- 
CONGO) cee Se ae eee een ee Oe ee 
pauentane. gray, earthy luster; rapid effervescence; in thin flaky “chips; 
BAIMPlOS oo 3 sie oc Boa etre ee ene Ais ecient ee 
Limestone, light yellow-gray, hard, somewhat siliceous, magnesian; cherty 
at 500 ‘feet; 4 samples... oe ee eee 
Shale and limestone, BT OY one Sede a Sh eee eae 
Limestone, light yellow- -gray, crystalline, minutely porous, somewhat silice- 
ous; slow effervestence. «i... <asese ca es done kl ene eeu es tee neeaeeee eae 
Limestone, yellow-gray and blue mottled; crystalline; rapid effervescence... 
Limestone, gray; moderately slow effervescence.......-___-.--..-.-.--.--.-.- 
Limestone, gray, soft; earthy luster; argillaceous; rapid effervescence; 4 
BAMDIOCS (o-oo oo ss on oe ek eee ont eee ee nee ee 
Dolomite, hard, crystalline, light gray; effervescence slow; cherty--.-_---.- 


Limestone, light gray; rapid effervescence; 2 samples_.--..--...-...._-.... 
Shale, blue, calcareous; in masses of concreted powder; 3 samples___-______ 
Shale, buff, calcareous; residue, ocherous, cherty, and minutely arenaceous 
Shale, bine; as at: 680 0’ 660. feet. 2" 2 a ae ee eee 
Shale, hard,’ green, fosstliterous;’ in’ chips. ..- > -5 = > os eee eee 
Sandstone, highly argillaceous, gray, slightly calcareous; grains fine, 

rounded, of considerable diversity of size; the largest more than 0.5 mil- 

limeter in: :diameter; “8 samples: 2 oe ee eee 

Saint Peter sandstone (80 feet thick; top, 223 feet above sea level)— 

Sandstone, white; clean quartz sand grains well rounded and sorted; largest 

1, mitlimetér® “in: idiameter.c..£) 65-5550 oe ee ee eee eee 
Sandstone and dolomite; quartz sand of rounded grains with much white 

chert and gray siliceous dolomite and green shale; granular; 4 samples 
Sandstone, white; clean grains of quartz; fine-grained__.-.-__...-.-_-______ 
Sandstone, white; grains mostly 0.75 millimeter in diameter; calcareous 

CONGUE ene i oo eek seein a wi es See ees ere arenes keen ewan ee eee 
Sandstone, white eee ccna eee cee an eee eee eee mene 


Prairie du Chien stage (300 feet thick; top 143 feet above sea level)— 


Shakopee dolomite— : 
Dolomite, light yellow-gray; in meal; little quartz sand in drillings..._. 





Thick- 
ness 


Depth 
Feet 
14 
50 


60 
70 


80 
100 
120 


SSE 833 8 


8238 


g25 


8 $8 88 8 8 8838828 
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Record of strata of deep well at Charles City.—Concluded 











Thick- 
ness | Depth 
Dolomite, blue-gray and yellow-gray; 2 samples____.---____ PES Se eS 20 900 
Sandstone and dolomite; sandstone white, moderately fine- -grained; dolo- 
Pepe Dme-enays.in find: Sani. ts oer eee ses ee 8 Oe 10 910 
Dolomite, blue; shale, white, in powder; and sandstone, white; largest 
grains 1.2 millimeters In Gig DID RGR see ee es eee ee 10 920 


New Richmond sandstone— 
Sandstone, white; finer than above; with admixture of dolomite in lower 


OSCR 9, Sa 6) ee Ee ee 5 ne ee ee 20 940 
Sandstone; white; largest grains 1 millimeter diameter; 2 samples___-.-._._ 20 960 
Oneota dolomite— 
Dolomite, blue, and sandstone; drillings largely quartz sand; 2 samples____ 20 980 
Dolomite, brown, drab, and gray; finely arenaceous and cherty; 7 samples 70 1,050 
Marl, white, calcareous: residue argillaceous and quartzose___-----.------_ 10 1,060 
Dolomite, white and gray; highly cherty at 1,070 feet; 11 samples____._- 110 1,170 
Cambrian: 
Jordan sandstone (80 feet thick; top, 157 feet below sea level)— 
Sandstone, clean, white; well rounded grains; many 1 millimeter in diameter 80 1,200 
Sandstone, as above, jovigrawbihays be Awe 8 5A a ee eee ee ee ey 10 1,210 


Sandstone; as ahove, coarser; largest grains 1.5 millimeters; passing at 
bottom into highly arenaceous dolomite represented in drillings by blue- 











UR LA ak by pw ep RR tate, Pol a es ee Oe ee re 10 1,220 
Sandstone; as above; clean quartz sand; 2 samples__...-.-.-.__-__.-_-_-_-__ 20 1,240 
MamrntsrOna., finer. CAlCMerOta =. sesaee oe ee rae 10 1,250 

Saint Lawrence formation (387 feet penetrated; top, 237 feet below sea level) — 
Shale, green-gray, calciferous, arenaceous; 2 samples__.......___ 20 1,270 
Sandstone, white, moderately fine-grained; chips of dolomite_. 10 1,280 
fos CENCE) Cee we 2 ea Pa ai oe ao 87. a Sa 2 A A es RE es es Re 120 1,400 
Shale, greenish, calcareous, glauconiferous, arenaceous; fine rounded grains 

of quartz; a SAIN DICK. orc dere pee ee eelen ean none beiaoreneneeeca cans 50 1,450 
Shale, blue-gray, calcareous, glauconiferous; in easily friable concreted 

TIMMS + FTE RN UCCOUN 27 MET ION en ee eee ee cen ck aoe ncwceas 20 1,470 
Shale; as above; and greenish, fine-grained, argillaceous, and glauconif- 

REOUs SHNGSTONCS, Te SAUIPlOS ooo Sa at te en ce etecindoen 70 1,540 
Shale, green-gray, glauconiferous, calcareous, and arenaceous_-.---...... 10 1,550 
Shale; as above; with flakes of hard, dark, greenish drab shale, noncal- 

careous and nonglauconiferous; very slightly siliceous; 2 samples...-.... 20 1,570 
Shale; green-gray, glauconiferous, calcareous, and arenaceous.-_-.-.---.-.- 17 1,587 








The following chemical analyses of drillings from the deep 
well at Charles City were made in chemical laboratory of Cornell 
College, Mount Vernon, Iowa: 


Analyses of drillings from Charles City well. 
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The waterworks system consists of a standpipe, 6 miles of 
mains, 56 fire hydrants, and about 450 taps. The water is used 
for domestic purposes by perhaps 1,800 people, or one-third of 
the population, and for boiler supplies by both railway com- 
panies and by other industrial concerns. The average daily 
consumption is estimated at 200,000 gallons. 


Marble Rock.—The village well at Marble Rock (population, 
480) is 154 feet deep, nearly all of which is in rock. It has been 
pumped for 12 hours at the rate of 65 gallons a minute without 
noticeable effect. The water normally stands about 60 feet be- 
low the surface. The system comprises an elevated tank, half 


a mile of mains, six fire hydrants, and about 35 taps. About 


one-fifth of the people use the public supply. 

Nora Springs.—The public well at Nora Springs (population, 
985) is eight inches in diameter and 197 feet deep, nearly the 
entire depth being in limestone. It is pumped at the rate of 45 
gallons per minute without appreciable effect. The water rises 
to a level 20 feet below the surface, or about 1,050 feet above 
the sea, and is pumped to an elevated tank, from which it is 
distributed through three-fourths of a mile of mains. There 
are 14 fire hydrants. Only a few of the inhabitants use the 
public supply; about 4,000 gallons are said to be consumed 
daily. According to Norton, a supply of good water could 
probably be obtained from a deep well sunk to the Galena and 
Platteville limestones, or from these and the Saint Peter sand- 
stone combined. The summit of the Saint Peter should be 
found at about 300 feet above sea level, or at about 775 feet be- 
low the surface. A well 800 or 900 feet deep should be ample. 
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FRANKLIN COUNTY 





BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


Franklin county is divisible into two distinct topographic, 
geologic, and ground-water provinces, the area of Wisconsin 
drift occupying the western part, and the area of Iowan drift 
occupying the eastern part. The former has deep drift, a 
morainic topography, many undrained swamps and ponds, and 
numerous drift wells; the latter has thin drift, a nearly level 
but well-drained surface, and a predominance of rock wells. 
Except in certain localities, the dividing line between these two 
areas is well defined. It crosses the north boundary about nine 
miles east of the west margin, trends southeast, and crosses the 
south boundary about four miles west of the east margin of the 
county. 

The rocks upon which the drift rests are chiefly limestones 
belonging to the upper part of the Devonian and the lower part 
(Mississippian series) of the Carboniferous. Apparently they 
dip gently toward the southwest, so that the oldest formations 
are found in the northeastern and the youngest in the south- 
western part of the county. In the northeastern part of Frank- 
lin county and also in Cerro Gordo county a shale formation is 
interbedded between Devonian limestones. 


UNDERGROUND WATER. 
SOURCES. 


Water is obtained from the glacial drift and underlying lime- 
stone, and in the deep well at Hampton from the lower sand- 
stone formations. In the western morainic area the drift is in 
general between 65 and 150 feet thick, and because of the poor 
drainage the pervious portions are filled with water nearly to 
the surface. When this area was first settled, the water supply 
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was nearly all obtained from shallow wells that ended in the 
upper part of the drift, but many wells have recently been sunk 
to the lower part of the drift and into the subjacent limestone, 
thus obtaining more sanitary, more plentiful and more reliable 
supplies. In the eastern area, where the drift is thinner and 
a little more dissected by streams, it is generally necessary to 
drill into rock in order to obtain supplies that are at all depend- 
able. Most of the wells end in the upper limestone at depths 
ranging from 30 to 100 feet, but a few pass through the De- 
vonian shale and end in the underlying limestone at depths be- 
tween 200 and 400 feet. In all wells that are sufficiently deep 
the supply is abundant and permanent. The water from all 
beds is hard, but is otherwise of good quality unless polluted 
from the surface. 


SPRINGS AND FLOWING WELLS. 


In the valley of Iowa river in the southwestern part of the 
county, in the valley of West Fork of Red Cedar river in the 
northeast and in a number of low tracts, especially at the east 
base of the high morainic area, the water in the ordinary drilled 
wells rises nearly to the surface or, in a few wells, overflows. 
In other. localities east of the morainic belt, the water-bearing 
beds have been exposed by erosion or otherwise, allowing the 
water to escape in rather large springs. The head of the city 
well at Hampton indicates that the water from the 
deeply buried formations will remain at a lower level than that 
from the formations reached in ordinary drilling. 


CITY AND VILLAGE SUPPLIES. 


Hampton.—The public supply of Hampton (population, 
2,617) comes from a group of springs and from a deep well. 
The springs discharge into two reservoirs at about 100 gallons 
a minute; and the well has been tested at 160 gallons a minute. 

There are a standpipe and system of mains with about 225 
taps. The average daily consumption is about 150,000 gallons, 
the water being used for domestic purposes by over 1,000 people 
and for boiler supplies by both railway companies and by 
several industrial concerns. 
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The well is 1,709 feet deep, is cased with 10-inch pipe from 
surface to 190 feet, 8-inch from 588 to 642 feet, 7-inch from 196 
to 1,139 feet, and 6-inch from 1,139 to 1,191 feet; the casing is 
split to let in water. The curb is 995 feet above sea level. The 
normal head is 50 feet below curb; under pump the water stands 
160 feet below curb. The principal water supply is obtained 
from a depth of 1,100 feet.. The well was drilled in 1900 by J. 
P. Miller & Company of Chicago. The strata penetrated are 
indicated by the following log and section: 


Driller’s log of city well ‘at Hampton. 
































Thick- 
ness | Depth 
Feet 
52 
205 
598 
675 
740 
800 
840 
875 
a teTOCH Hid) SOADRTONGs 22s na eg ee eS ee 140 1,015 
ite isa) 2 pene oeaa Re ON oT oF 5 Ee Cees ee Sia aa een ces ray ee ae ee 85 1,100 
i aeRO TY £4, |e ap ce a en ko Se ee 35 1,135 
SS bist aya apt ag ll aS pe Ss Ss ag Rg SN SR I a EEC tee ieee 53 1,188 
Sr nara GOR PE ee Ore IRR Rt ee ae we en SN ee eed 60 1,248 
a Renal Bes ee sek ae a i I ee be ert ab eee eae ee 152 1,400 
lly nae yey. yee EE aS oars) ae eee Ae ee ee eee eee eee 75 1,475 
Baa TESE CSTR Choe 2 Series ree eR ae 160 1,635 
LR Lely pe natal a eS LO oo ap SE Se ie ae ak 1 ae VE’ 1,709 
Description of strata in city well at Hampton. 
Depth 
in feet 
Pleistocene (52 feet thick; top, 995 feet above sea level): 
er palon Velo we. sess see eee ca i Cos ea eee 20 
Sand, ocher-yellow; with ‘ocherous clay --+-..---------.-----—-_= 40 
Carboniferous (Mississippian): 
eos stage (108 feet thick; top, 943 feet above sea 
evel)— 
Be LO DLL ato aon Dee Be Reon ea yeas ete aeaies 60 
Limestone, bluish gray, subcrystalline; of rapid effer- 
vescence; in coarse chips; fragments of cale spar and 
sparry surfaces indicate that the rock is geodiferous; 
platy fragments of drusy pyrite, in some of which the 
pyrite alternates with laminae of black coaly shale-- 80 


OPA Ae re Se 0a oll Kev: be ches ee. awe a eee Ry Mae aa ee eee ee 100-140 
Devonian (360 feet thick; top, 835 feet above sea level): 

Limestone, dark green-gray, earthy; brisk effervescence; 
argillaceous residue; in large chips; some fragments of 
white; fine-grained, crystalline limestone-_-_____--_-------_--- 160 

Limestone, dark drab, fine-grained, crystalline, hard; residue 
black; moderately brisk effervescence; microscopic grains 
Ofocryearallinie, GUuaATtZ 2h:sie-2 Soe pee ee sea 180 

Limestone, white, compact; earthy luster; also gray and 
cream-colored; saccharoidal, in small chips; much argilla- 
ceous admixture; effervescence moderate; residue large, 


argillaceous, and microscopically quartzose_____------------- 200 
Shalem Sreenisiy sana a ee see co eae oe ee ees ke cdo an 220 
Limestone, white, earthy; brisk effervescence; in fine sand; 

ROMO eIthine s Of SNA eles os ae ee ee ee enn oka cease na new 240 


ShalewPereonisihiwe Sai Pies. -2 aes tee ebaee onze acu aaa see 200-280 
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Description of strata in city weil at Hampton.—Continued. 


Limestone, white; brisk effervescence; crystalline, in fine 
sand masked by argillo-calcareous powder---------------.--- 300 
Limestone, varicolored, dark bluish, saccharoidal, with 
moderate effervescence, and argillaceous residue; and 
buff, subcrystalline, fine-grained, compact, with brisk 


effervescence and little residueise 22 eee 320 

Limestone, light gray, fine-grained, subcrystalline, sub- 
translucent; rapid effervescence; in*large flakes-_---------.. 340 : 

Limestone, drab; large dark argillaceous residue; effer- 
vescence’ moderate. 2222-2555. soo see as ee ane oe eee 360 


Limestone, light gray, dense, fine-grained, subcrystalline; 
brisk effervescence; some chips of soft greenish saccha- 


roldal; limestone |), .21:- 2.22 Be on ep ee ea eee 380 
Limestone, light buff, soft, compact, earthy; effervescence 
DPIsSk: \ois oss ce ok Sei ee es ee ee 400 


Limestone, light blue and light buff; hard, brisk effervescence 420 
Limestone, light brownish, soft; earthy; brisk effervescence; 


argillaceous. reside 222i ses 8 ese cee en ee eee eee 440 
Limestone, blue-gray; earthy luster; fine-grained, compact; 
brisk effervescence, dark argillaceous residue--__---.-_1--__ 460 
Limestone, blue-gray; effervescence rather slow; large 
} clayey residue; fragments of fossiliferous green shale_.. 480 
| Limestone, gray, subcrystalline; in angular sand; efferves- 
Cence’ brisk <.--- 22622 52 ape cee eee eee ee eee 500 ‘ 
‘Silurian (78 feet thick; top, 475 feet above sea level): 
Limestone, cream-colored, very soft; earthy; effervescence 
moderate; some drab, “ateillaccous:2 Wt 2 eee eee 520 
Limestone, light blue-gray, soft; rather large clayey residue; 
effervescence moderates 222 tee oe ee ee ee eee 540 
Limestone; as above, but with chips of chert, siliceous lime- : 
stone, and drab argillaceous Jimestones3.2s-- ceo eee 560 
Limestone, white, soft; rapid effervescence; subtranslucent 580 
Ordovician: 
Sorel topes shale (172 feet thick; top, 397 feet above sea 
evel)— 
Shale, light chocolate-brown, calcareous-_-_--__-.-.--..--.-.... 600 
Shale, reddish; no reaction for carbons or hydrocarbons 
in closed ‘tube 22.-<22.2 ese ee ee eee 620 
Shale, ight greenish, calcareous=2 eee 640 ’ 
Limestone; moderate effervescence; much argillaceous —— 
DOW 252252225 nn Seek eh eee ee eee re eee 660 \ 
Gray chert, greenish shale, and red calcareous shale; 
probably fallen, “from tabovest<2-c---- eee eee one 700 
Shale, ‘greenish... L....cs seni ee ee 720 
Limestone, varicolored, in sand; brisk effervescence; 
° much ‘greenish (shale: s2u-26 seen eee eee 740 
Shale, dark greenish, calearéous....— eee eee 760 
Galena limestone to Platteville limestone (410 feet thick; 
top, 225 feet above sea level)— 
Limestone, white; brisk effervescence; much shale-_------- 780 
Limestone, buff, and shale, chocolate-brown; considerable 
yellow:.-chert 2.2.23:4 232322 7 ee eee . 800 be 


Limestone, gray and white; brisk effervescence; much 
white chert and argillaceous powder; 2 samples 
Shale, green. and’ brown; eray chert..2.-2.s.-2te eee ‘ 7 
Limestone, gray; brisk effervescence------...-.-.----..------.. 7 
Limestone, cream-colored; brisk effervescence; in fine ; 
sand; much ‘argillaceous: powder... eee 900 % 
Limestone, light yellow; highly argillaceous; 2 samples-_. 920-940 “3 
Shale, light. brownish, ‘calcareous -u.ssesessee oe eee 960 f 
Limestone, light gray; some fossiliferous; cherty; brisk ~ : 
effervescence; in chips; much argillaceous powder in ; » 
some samples; -6' saniples..25. 2 22-2 a esa eae aswan 980-1, 080 = iy 
Limestone, gray, brisk effervescence; 2 samples---------- 1,180 4 
Shale, green; and eray. limestone-=.-/_ oS cane 1,140 
Shale, green; indurated? in. fine *chipss--Uu--2saoce oe 1,160 
Saint Beene gree (68 feet thick; fo 185 feet below sea 
level)— , 
Sandstone; white grains of clear quartz, well Me anded: 
comparatively uniform in size, surfaces smooth, with 
green shale from above; 4 samples-------------..--. —--1, 180-1, 240 
Prairie du Chien stage— 
Shakopee dolomite (172 feet thick; top, 253 feet below 





sea level)— 
Dolomite; ‘eray,;, hard’ cher tysake see eee eee 1,260 
Dolomite, gray, cherty, arenaceousi = ce ceases eee eee ee 


Sandstone, fine=grained, white sco ese ee oe ees 1, 300 
Dolomite, light buff and gray, cherty; 2 samples----l, 320-1, 340 
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Description of strata in city well at Hampton.—Concluded 


Dolomite, light buff, arenaceous; considerable quartz 
SAPO Serr Lin gt ek eee eee ale she ek = 2 1, 360 
WI OVOWIECE, a OMG = 7 dye son owe eee See ene ee Pe tS 1, 400 
New Richmond sandstone (70 feet thick; top, 425 feet 
below sea level)— 
Dolomite, blue-gray, and sandstone; large part of 


Grillin e Sra verta, Sang serseeet nee sees en ewe kon on ake 1, 420 
Dolomite, gray; small fragments of arenaceous dolo- 
Mite 2nd some, Oulart wedi ees ane ca ccar es cee 1, 440 
Sandstone and dolomite; sandstone of Saint Peter 
facies: dolomite ¢rays.-.--2-—---.— See et ee ee cee 1, 460 
Sandstone, white, fine-grained, hard--..---------.--------- 1, 480 
vipa dolomite (145 feet thick; top, 495 feet below sea 
evel)— 
Dolomite, gray and white, cherty; 2 samples-_------_- 1, 500-1, 520 
Dolomite, gray; residue of crytocrystalline quartz_.... 1,540 
Dolomite, blue-sray; residue as) above.-2-..-5-25.. 5-28 1, 560 
Dolomite: sray sisamplesia. <2 soe 3h oss ae 1, 580-1, 620 
Cambrian: 
Jordan sandstone (74 feet penetrated; top, 640 feet below 
sea level)— 
Sandstone; of clean, white, well-rounded grains of pure 
quartz, of moderate, size; 3 samples_-—.-..-- 2-2. e 1,640-1, 680 


Sandstone; as above, but somewhat harder, as _ indi- 
cated by larger number of fractured grains; 2 
i wiayadiey- Seep wen pee ee Ake ee ee eee Seer eee 1, 700-1, 709 





Latimer.—The village well at Latimer (population, 378) is 
six inches in diameter and 150 feet deep, the last 50 being in 
limestone. The water rises within 45 feet of the surface, and 
the well is reported to have yielded 300 gallons a minute con- 
tinuously during a 12-hour test. 

The water is brought out of the well by an air lift and is then 
forced by a rotary pump into a cylindrical air-tight tank, from 
which it is carried through the mains by air pressure. The 
total length of the mains is less than half a mile, the number of 
fire hydrants six, number of taps fourteen, and the average 
daily consumption is estimated at 6,000 gallons. Only a small 
proportion of the inhabitants use the public supply. 
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HANCOCK COUNTY 


BY O. E. MEINZER. 





TOPOGRAPHY AND GEOLOGY. 


The drift-covered surface of Hancock county is in most locali- 
ties only gently undulating. It has been but little modified by 
stream erosion and consequently its natural drainage is imper- 
fect. The glacial material forms a continuous blanket, 75 to 
250 feet thick, beneath which the older rock formations are com- 
pletely concealed. In the northwestern part of the county 
(Bingham, Crystal, Orthel and part of Britt townships) the 
drift has its greatest development, depths of 200 to 250 feet 
being common; and in the southern tier of townships (Major, 
Amsterdam, Twin Lake and Avery,) it is also rather deep, rang- 
ing in general between 125 and 200 feet and averaging deeper in 
Twin Lake than in Avery township; in parts of Britt, Garfield, 
Concord, Ell, German, Erwin and Boone townships it is rela- 
tively thin, depths of 75 to 125 feet being common. 

The bedrock upon which the drift rests consists of indurated 
limestone with a minor amount of interstratified shale, and 
probably belongs in part to the Mississippian series of the Car- 
boniferous and in part to the Devonian system. The general 
succession of the upper formations is indicated by the following 
section of the village well at Britt: 


Section of village well at Britt. 








hick- 
ness | Depth 








Lilimestone ye ee sca gn 


hale’ ss. a ee pe a eae ene ae Se meee pe Wey Sed Ee OR ee ee 2 


Limestone (entered) eine ae ee EE eee Eee BE i ee 15 200 
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UNDERGROUND WATER. 
SOURCES. 


The water supply is derived from the glacial drift and the 
underlying limestones. On account of the poor drainage, the 
porous parts of the drift are usually filled with water 
nearly to the surface; hence there are many shallow wells 
which are liable to fail in dry seasons when the wa- 
ter level lowers. Better wells are drilled to deeper 
parts of the drift where they receive more dependable sup- 
plies from sand and gravel beds that contain water un- 
der pressure. The best drilled wells, however, pass through 
the sand and gravel beds and tap the limestones, from 
which are obtained copious supplies of water that is lifted by 
artesian pressure nearly or quite to the surface. The water 
from both drift and limestone is hard, but is otherwise good. 

Throughout the county the blanket of drift, with its undrained 
surface and its water-bearing beds of sand and gravel, rests 
on the same kind of bedrock, with its large water supplies un- 
der good pressure. The two variable factors are (1) the thick- 
ness of the drift and consequent depth to rock, and (2) the 
altitude of the surface and the resulting depth at which the 
water remains in the wells. 


HEAD. 


In most of the county the water in drilled wells rises nearly 
to the surface and in some areas it overflows. The following 
table shows the head at several points: 
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Head of water in and near Hancock County. 























Height to which 
the water rises 
u de 
of 
Loeality yursese 
sea Above Above 
level or below sea 
surface level 
Feet Feet Feet 
Forest City (winnebago county). ~. 2 = eee eee ees 1,180 | Above 1,180 
Garner ce ee ee ee ee ee cee ene 1,220 —14 1,206 
Riemmerts soe ER Oe A RSS eee ee eran ee @1,210 —10 a1,200 
Belmond (wright county)  —2 co. fe a eee eee 1,180 | Above 1,180 
Britt oe eee ees Co BRS gah ES LCS Se Se ee eee 1,230 —18 1,212 
Fintehing) 22s ee 2 ee ee eee eee 1,208 —18 1,190 
Wesley “(Kossuth county) > 22... ee eee eee 1,246 —80 1,166 
OOT Wi tikes ee ee ee eee 1,178 —20 1,158 
a Approximately. > 








Flowing wells have been obtained along the several branches 
of Boone river in Magor, Amsterdam, Boone and Erin town- 
ships, and also in the low tracts adjoining several creeks in 
- Bingham and Orthel townships. They have also been obtained 
in the valley of Iowa river near the south line of the county, and, 
judging from the flowing well at Forest City, it seems not im- 
probable that they could be obtained in parts of Lime creek 
valley near the Winnebago county line. 


The deepest well reported is the Chicago, Milwaukee & St. 
Paul Railway well at Britt, which extends to a depth of 684 
feet, and in which the water rises to sixteen feet below the sur- 
face, or 1,220 feet above the sea level, this being practically the 
same head that is found in the ordinary drilled wells of the 
vicinity. At Algona to the west and Mason City to the east the 
water from the deeply buried formations does not rise much 
higher than 1,100 feet above sea level, and the general experi- 
ence in deep drilling in this region indicates that the head tends 
to become lower with increasing depth. In view of the generous 
yield and good head of wells sunk relatively short distances into 
the rock, probably little or nothing would be gained by deep 
drilling. : 

In certain areas where the water in rock wells stands some 
distance below the surface, it may be feasible to drain small 
swampy tracts, remote from streams and large ditches, by con- 
ducting the water through wells into the cavities of the rock, but 
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' throughout the greater part of the county the head of the well 
water is too high to permit this method of drairiage. 


CITY AND VILLAGE SUPPLIES. 


Britt.—The public well at Britt (population, 1,303), a section 
of which is given on page 780, is 8 inches in diameter and 200 
feet deep. It is reported that the first limestone yielded 60 
gallons a minute and that the finished well, ending in the lime- 
stone beneath the shale, has been tested at the rate of 400 
gallons a minute. The waterworks consist of an elevated tank, 
about two miles of mains, 16 fire hydrants, and approximately 
200 taps. A majority of the people use the water, the average 
daily consumption being estimated as 30,000 gallons. 

The Chicago, Milwaukee & St. Paul Railway well has a depth 
of 684 feet and a diameter of seven inches. The curb is 1,236 
feet above sea level. The head is 16 feet below the curb and 
the tested capacity is 125 gallons a minute. 

Corwith—tThe village well at Corwith (population, 455) is 
125 feet deep and ends in limestone. The water stands 20 feet 
below the surface, or 1,158 feet above sea level, and has been 
pumped at the rate of 70 gallons a minute. 

The distribution system comprises an elevated tank, some- 
what more than half a mile of mains, 8 fire hydrants, and 17 
taps. Only a small portion of the total population uses the 
public supply. The average daily consumption is reported to be 
approximately 10,000 gallons. 


Garner-—The public water supply of Garner (population, 
1,028) comes from two wells, one of which was dug to a bed of 
gravel at 48 feet, and the other was dug to 55 feet and thence 
drilled to 145 feet, where it ends in limestone. The water in each 
well rises within 14 feet of the surface, but pumping at the rate 
of 80 gallons a minute from the two combined lowers the water 
level about 25 feet. 

The system comprises an elevated tank, about one-half mile 
of mains, 11 fire hydrants, and approximately 75 taps. It is 
estimated that less than one-fourth of the people are supplied 
from this source and that the average daily consumption is 
about 13,000 gallons. 
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HUMBOLDT COUNTY 
BY O. E, MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


Nearly all of Humboldt county is drift covered and much of 
it is poorly drained, but the East and West Forks of the Des 
Moines river, which cross the county and unite near the south 
line, have in many localities cut into the bedrock, and, with their 
numerous short tributaries, have drained some of the swampy 
tracts. In the eastern part of the county the glacial drift forms 
an uninterrupted sheet, commonly between 100 and 200 feet 
thick, but in most of the central and western parts it is thinner 
and in some places is only a veneer over the rock surface. 
Near the northwest and southwest corners (Pl. XVI, p. 814) beds 
of loose sand, which are believed to represent the basal Cre- 
taceous deposit, appear to lie immediately below the drift, but 
elsewhere, as far as is known, the drift rests on Carboniferous 
rocks which, according to T. H. Macbride,’ consist of shale and 
‘ sandstone belonging to the Des Moines stage of the Pennsyl- 
vanian and of the Saint Louis limestone and the Kinderhook 
stage of the Mississippian. The shale and sandstone are prob- 
ably not widely distributed, for in most sections limestone con- 
stitutes the first rock recognized by drillers. The succession is 
indicated by the following section of the Chicago & North West- 
ern Railway well at Renwick: 


Section of railway well at Renwick. 








‘Thick- 








ness | Depth 
Feet Feet 

Sofl,-‘yellow.. and’ bine: clay... .- 2 a i a eee Se etaeee ace 
Olay, hard ;fDI6 oo en ne ee al eee ee oe eee eee ee eee 100 140 
end 5225 ee se eS a PS ee EP Eee ee eee 10 150 
Shale, red eee ec ee ee ee eee 20; 170 
Shale, s white ccc. on See a Ee ee ie OE ee oe ree rece pee eee 4 174 
LAMMCS COTO ccs ae ase cas a es ee a a are te ea 38 212 








1Geology of Humboldt County: Ann. Rept. Iowa Geol. Survey, vol. 9, 1899, 
pp. 122 et seq. 
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UNDERGROUND WATER. 


SOURCES. 


_Most of the water used in Humboldt county is obtained from 
the glacial drift and the Carboniferous limestones. In the east- 
ern tier of townships relatively few wells have been sunk to 
rock, but many end in the lower part of the drift at depths of 
more than 100 feet. In the vicinity of Livermore the drilled 
wells average perhaps 100 feet in depth, and possibly half of 
them end in rock; in the vicinity of Humboldt they averages 
somewhat deeper and a larger proportion enter rock. In the 
west-central part of the county limestone wells are also numer- 
ous, but in certain localities, especially near the northwest and 
southwest corners, all drilled wells end in sand. 


In general the rock wells are the most satisfactory and yield 
the largest supplies, but where the drift is thin and the water 
level is low it is in some places necessary to drill considerable 
distances in the rock, and even where the latter lies entirely 
below the water level a generous yield is obtained only after a 
good crevice has been tapped. Although the upper part of the 
limestone is the most broken and fissured it occasionally hap- 
pens that compact rock must be penetrated for many feet before 
an opening is found which will freely conduct water to the 
drill hole. 


HEAD. 


In the eastern part of the county water in the drilled wells 
rises nearly to the surface, and several flows have been struck in 
the valley of Prairie creek and elsewhere. In Boone valley, im- 
mediately east of Humboldt county, flows are obtained over an 
extensive area, but in Des Moines valley, which lies at a lower 
level, none exist. The difference is due to the fact that in the 
first valley there is a continuous thick blanket of bowlder clay 
which is so impervious that it acts as a confining bed, holding 
under pressure the water in the porous beds beneath; whereas 
in the second valley the stream has cut through the confining bed 
‘into the water-bearing strata, thus allowing the water to escape 
freely. The result is that one valley has flowing wells but prac- 

50 


‘a ae La | ee 
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tically no springs, and the other has numerous springs but no 
flowing wells. * 
In some localities in the western part of the county the water _ 
in the drilled wells remains at rather greater depths and the con- ie 
ditions are unusually favorable for draining swamps into the ra 
underlying limestone. eal 
No deep drilling has been done in Humboldt county, but the a 
wells in Algona, Mallard and Webster City indicate that the wa-— 
ter from the deep formations will rise to approximately 1,100 — 
feet above the sea and that wells may possibly flow with slight — rm ‘ 
pressure in the Des Moines valley. The highest head would ~ 
probably be obtained within a few hundred feet of the sure a 
no additional pressure would be gained by sinking to still lower 
horizons. 


> 
i 
7 
ta 
ae 
4 


SPRINGS. nl 
Springs are abundant in the valley of West Fork of Des 
Moines river, and also in that of Hast Fork near the junction of 
the two streams. They issue mainly from the limestone, where 
the impervious cover of bowlder clay has been removed by 
erosion. ae 
CITY AND VILLAGE SUPPLIES. ; ong 


Humboldt.—About half of the people of Humboldt (popula 
tion, 1,809) are said to use the public supply. The water comes — 
frotn a spring that flows into a reservoir, from which the water — 
is carried, by gravity, through a pipe that passes under the 
river into a second reservoir, and is then pumped into a stand- * 
pipe and system of mains. The total length of mains is 3Y 
miles, the number of fire hydrants is 21, and the number of taps a 
is about 180. Approximately 60,000 pate of water are con- 
sumed daily. 

At Humboldt the drill feeeaeiene to Norton), after passing the 
Mississippian limestone and shales, will enter the limestones and 
shales of the Devonian, below aaah some Silurian limestones 
may possibly be found. Next are shales 100 to 200 feet thick, cor- 
related with the Maquoketa, although they may in part represent ay 
the Galena. Probably some water will be found in the Galene if 
limestone. Below the Decorah shale and the Platteville lime- 


¥ 
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stone the drill will enter the Saint Peter sandstone, about 1,300 
feet below the surface. This sandstone may easily reach 100 
feet in thickness and should afford a good yield of excellent wa- 
ter. The supply may be largely increased by going deeper, say © 
to 1,700 feet, to tap the stores held by the limestones and sand- 
stones lying beneath the Saint Peter. 


Invermore.—The village well at Livermore (population, 578) 
is 163 feet deep, the last 31 feet of which are in limestone. The 
water is said to stand about 55 feet below the surface (or about 
1,080 feet above sea level) and to have been pumped at the rate 
of 60 gallons a minute. 





KOSSUTH COUNTY 





BY O. E. MEINZER. 
TOPOGRAPHY. 


The surface of Kossuth county forms a north-south trough, 
the southern and central portions of which are drained south- 
ward through East Fork of Des Moines river and the northern 
portion northward through Blue Earth river. These two rivers 
are connected across the divide between the Des Moines and 
Minnesota river basins by a swampy area known as Union 
Slough. The entire area is covered with glacial drift and ex- 
hibits a typical ground-moraine topography. The drainage is 
imperfect and swamps and ponds are numerous. 

GEOLOGY. 


If the layer of drift, which in most localities is over 100 feet 
thick, could be removed the surface on which it rests would 
probably comprise an _ erosional topography exposing a 
geologic section of considerable thickness and diversity. In 
the eastern and most of the central part of the county and also 
in a small area in the extreme southwest the drift lies upon in- 
durated Paleozoic limestone, the age of which can not be definite- 
ly ascertained because outcrops are lacking. In a tract adjoin- 
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ing Des Moines river and throughout most of the western third 
of the county a wedge of soft shale and sandstone with a maxi- 
mum known thickness of about 200 feet intervenes between the 
drift and the limestone. The upper beds of shale and sandstone 
are believed to be Cretaceous, but some of the lower beds prob- 
ably belong to the Pennsylvanian series and possibly in part to 
the Permian. The following well sections, as reported by the 
drillers, show to some extent the character and relations of these 
strata: 


Generalized weil section for the vicinity of Wesley. 
























































| Thickness. Depth. 
Feet Feet 
Soll-and yellow Clay: 2-2. -_<. nc 2 ea ee ee 8 8 
Olay se DINGS se sae ee ee eee ene ee a oo ee 45 53 
Olay, brick, sand and gravel with fragments of wood-_-----------------~_-----_ 5 58 
Olay; Deseo c- oes cao ace ec ee pee ne eee 45 103 
Olay, black, with fragments of wood....-2— 22-1... .... 5 eee 2 105 
Olay; yellow, sandy .-.-2..- =. so cee 7 112 
Olay, blue 222-25. =o eS a eee 83 195 
Olay, yellow, and broken limestone ~_._--....222-- 222 eee 2 197 
Limestone (entered). 
Section of well immediately north of Luverne. 
| Thickness. Depth. 
Feet Feet 
GlAy wiDINGs wee cee eo oS a ee eee 80 80 
CNT Uy pe aS a ca tin Pere le ea acyl Re 10 90 
Olay, NOG oa en ee eo re 50 140 
EEN Os ce a il ec ere ei ee Seer eo Sa eee tere eae ne gs eee 146 
SSUCStONE: Mae oa a een ann Sete bene pate eee 20 166 
Shale 225s ee es hs as a on ee ee eee 10 176 
Limestone: (entered). 22.2222 2 nk ee cee ee 2 178 
Section of well at the Algona steam laundry. 
| Thickness. Depth. 
Feet | Feet 
OlBY; “DIGO Ycacs aeons at can sre naac sk ben oie meee ania oe ant bs petee et eee eee 90 90 
an a ey re em np sn fg tp se caves esi eed ws ms nhs evens sic mime nj cn i nce Unt he eso eas mein cs ce sso enn oc 
Shales sore clay. Velo W ccawscseace ence coh aeade mode nis pana ese sooner eee 
Shaletor clay, ered. 22 os ee ee he eee pee ee 125 215 
SHAG CIBY DING 55 oo St oe eee en a ee 
WmeStOne@ Mio nces eee soa Sen an coe ele ee ee ee eee 5 220 
MENUSLONG taps teeta a wh wo sn ee ee mee ee eee ee ee een ee ene 7 227 
Limestone (entered). : / ; ! 
Section of abandoned village well at Whittemore. 
Thickness. Depth. 
Feet Feet 
Olay, QC ii ig maaan estes tanta seme lao ee Sa eae Oe eee ao ee 115 115 
SE aU Rea: | Pe en A ek Se et een Aen SOT ia f ee. 40 155 
Shale 2hien Sit ie ae eee eee A me eae FLAS TS. Ee ee 3 158 
Sandstone (entered). 








eee 
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The section at Wesley suggests three distinct drift sheets 
whose deposition occurred at intervals sufficiently long to enable 
a soil to form and some weathering to occur at the top of each 
before it was covered by the next. The section at Bancroft 
(page 792) likewise suggests either two or three distinct drift 
sheets. The red clay or shale reported in a number of the sec- 
tions in Kossuth, Humboldt and Palo Alto counties may repre- 
sent the red shale found in the vicinity of Fort Dodge. 


UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


Water is obtained from glacial drift, Cretaceous sandstone and 
Paleozoic limestones and sandstones. 

In the northeastern part of the county, where the drift rests 
upon limestone at depths ranging from about 100 feet in the 
vicinity of Germania to much more in certain other localities, 
many drilled wells pass through the entire thickness of drift and 
find water after penetrating only a short distance into the lime- 
stone. Farther west, in the vicinity of Swea City, a few wells 
reach limestone at about 200 feet, but in general the rock lies 
much farther below the surface and the wells are finished either 
in the drift or in the Cretaceous sand. 

Similar conditions prevail in the central portion of the county. 
Thus, at Ramsey postoffice, near Union Slough, limestone occurs 


and is reached by many drilled wells at about 100 feet; at Ban- 


croft it lies 240 feet below the surface and is reached by only a 
few wells; and at Ringsted, three miles west of the county line, 
it occurs at 364 feet and is almost never reached in drilling. 
In the southeastern part of the county many bored wells end 
in the drift at depths of less than 100 feet, but a large propor- 
tion of the drilled wells enter rock, although in some localities 
this lies at considerable depths. In a very general way it may 
be said that the most common depths of the drilled wells are be- 
tween 150 and 190 feet in the region south of Titonka, between 
200 and 230 feet in the vicinity of Wesley, about 175 feet in the 
vicinity of Sexton, between 200 and 260 feet in the high area sur- 
rounding Saint Benedict, and between 75 and 200 feet in the 
vicinity of Luverne. In much of the region south of Wesley 
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and east of Luverne the drift is deep and drilled rock wells are 
proportionately rare. 

In the vicinity of Algona there is a wide range in the depth 
of wells, some of the drift wells being very shallow and some of 
the rock wells going down more than 300 feet. An average for 
drilled wells is probably between 150 and 200 feet. In the high 
area north of Whittemore the drilled wells range in general be- 
tween 200 and 330 feet and end either in the drift or in the sub- 
jacent beds of sand. South of Whittemore the range in depth 
of wells is between 70 and 200 feet and most of the wells end 
in sand, except in a small area near the southwest corner of 
the county, where limestone is sometimes reached by the drill. 


Of the several sources of water in this county the limestone is 
the most satisfactory. Its upper portion is generally creviced— 
a condition probably due to preglacial weathering—and hence it 
supplies water very freely. On the other hand, sand at higher 
levels causes much trouble by rising in the wells or by clogging 
screens. Only 6-inch wells should be sunk and, except in those 
areas where the depth to rock is great, drilling should be con- 
tinued until limestone is reached or a satisfactory sand or gravel 
bed is encountered. As the ordinary rock wells yield generous 
quantities of good water little if anything is to be gained by 
drilling to the deeper formations. 

HEAD. 

The upper part of the glacial drift is more or less porous and 
as a rule is saturated almost to the surface, the water table 
closely following the topographic irregularities: But the bulk of 
the drift consists of dense bowlder clay which appears to be 
quite impervious to water and which serves in a sense as a con- 
fining bed that holds under pressure the water in the creviced 
limestone, in the sand strata, or in the sand and gravel deposits 
within the drift itself. Hence, when a hole is drilled through 
the bowlder clay, the water from the underlying formations 
rises under pressure to a certain definite level, which is generally 
higher (above the sea) in elevated than in depressed regions, 
but which does not follow the topographic irregularities nearly 
as closely as does the surficial ground-water table. Hence it is 


se”. 
Pol sat t 





and in the lowest areas it may rise above the surface. 


points in or near this county: 


Head of water in and near Kossuth County. 
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that in the highest areas the water remains far below the surface 


The following table shows the head of the water at several 








Height to which 
water rises 





Above sea 
level 











- - 3 
iy 5a 
4 no 
—_— a 
oo 
Locality o8 
28% 
Ege 
a 
Feet 
ienitalo Center (Winnebago county) ——..2-...-.----.—._..-...--_- 1,183 
Pu PE RRR ENS I EE ae 0 SR ae pea RO Se Balenscceap LADOVS 
OL LO Sa ES SR Se 1c & RE = eS Oe eo A 1,174 
PrRNE Is CH ININeC> COUNLY). fa. eocutemees os een cke len ccaccnmaeccenesasces 1,240 
Aa Sea OS ee eae eee ee ee ee a ee 1,210 
NR ee el nee an aie ote a tose ices 1,170 
emma FNIMNECY COUNLY.), ace ee ter ak hee es eee 1,251 
I a ae ce eden ew aaes seeker amore 1,246 
a kee eI a ee eS ee eae 1,218 
EGG eg SE SRS SSeS Se ee eee 1,266 
| 2 ok EGS, Saal e C e 1,193 
Tat, cls eR aR ag Ss Spe RIE 2 ats A a oe eS ee 1,200 
Bemeet CE ANCOCK COUNTY). han ne baa eee nn ere en enn steamen 1,178 
[SUS eS a ee a ee ee eee 1,169 
Sruesminra: GEUMDOIOG COUNTY) one ene cence 1,140 
Rummeeend (Eel AltO) COURLY) 20s a2 es ae oe ote eee me Contos eeoe|) VADOVE 













Moines river. 
. CITY AND VILLAGE SUPPLIES. 


feet below chrb. The driller’s logs follow: 


i i 


— —sS Wee'idig: obtain flowing water in a tract of considerable extent 
adjacent to Blue Earth river, chiefily in Hebron, Springfield, 
Ledyard, and Lincoln townships, and also in the valleys of Buf- 
falo, Mud, Prairie, and Lotts creeks, all of which drain into Des 
. Moines river. Throughout the entire northeastern part of the 
a county the water rises nearly to the surface, but in the high 
areas in the northwestern and west-central parts, and in the 
| region about St. Benedict, it remains at considerable depths. 
7” To the south the head is lowered by the leakage that takes. place 
_-——s farther south where the rocks outcrop along both forks of Des 


Algona.—The public supply of Algona (population, 2,908) is 
obtained from two deep wells: City well No. 1, drilled by S. 

- Swanson, of Minneapolis, which is 1,050 feet deep, and City well 
- No. 2, which is 818 feet deep. The curb of well No. 1 is approxi- 
mately 1,202 feet above sea level, and the water -level is 69 
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Driller’s log of city well No. 1, Algona. 











| Thickness. 





Depth 





Feet Feet 
235 235 


Mi 8 Crh a eee ne eck cee ec or a ee ee en ee ee 


Sand TOCK i cae crenata aac So oe on re ee eon cee no anon ba ce aan erent ee ene neon 75 310 
TST Tea pc ec a cs a eon a ew wae een ee pce ae a ee 125 435 
Sand) TOK tess eee a ia a on ona ene een Pe anay sor meres oma ae eae 800 735 
Shale and'streaks of sand Tock ..W..2- 225 2 a ree 315 1,050 





Log of city well No. 2. 




















Thickness. | Depth. 
Feet Feet 

SOU ie eo a ne a a nn i ae er ke 4 4 
UY fe LOW Sn a i a ir es a ee el po ee 19 14 
MB a DG ad ec poner a a pa rs ee ee le ee eee 7 91 
GN e Cs Ope Lo a are Se ee ee Se SS ee 50 141 
Shale, blue; shale, white; flint shale, light blue ~---_-_-_-______________ 169 310 
MMOS ONG pee esac ob eee oa i ee ee ea ee nate ee ee ee 508 818 








The water level in the first well lowers notably when pumped 
50 gallons a minute, but the second yields 150 gallons by the use 
of an air lift. There are a standpipe, about five miles of mains, 
and 39 fire hydrants. It is reported that about 1,600 people are 
supplied and that an average of 60,000 gallons is consumed daily. 


Bancroft—The public supply of Bancroft (population, 830) 
is taken from a rock well, 242 feet deep, which has been tested 
at 40 gallons a minute. The system comprises an elevated tank, 
about one-half mile of mains, eight fire hydrants, and 28 taps. 
Approximately 5,000 gallons of water are used daily and perhaps 
125 people are supplied. 

A well at one time drilled for the railroad company is said 
to be 500 feet deep with the water rising within 2 feet of the 
surface, which would be 1,187 feet above sea level. The well 
stood a good test, but the water is so hard that it is not used 
in locomotives. 

Section of village well at Bancroft. 




















| Thickness. Depth. 
Feet Feet 

Soll and yellow: clay 4-5. o20 usb ee eee 15 15 
Olay 3 biter oat a ee a ee ee ere 50 65 
Sand ‘containing! wood) isnalls; ete. Loe a Meee ee eee ee 6 71 
Olay 5) DIG tect rena aes bt ari is tn Sei ee eee ee eee ee ee 20 91 
Sid to Cs ee eee ae he. St Re ee ee ee ee 5 96 
Olay Ted "Rid yellow ite ote ch ee ere 138 234 
Qtavel £253 ase ches Si ee ee eee eee 6 240 
DulmestOne SCL tOre yo ae rere ess es ne me ee ps ee 2 242 








2 
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 Burt—tThe village well at Burt (population, 495) is 175 feet 
deep and has been pumped at the rate of 40 gallons a minute. 
The water rises within 30 feet of the surface. 


- Waterworks with nearly a mile of mains and 10 fire hydrants 
have been installed. 


Srvea City.—The public well at Swea City (population, 402) 
is 117 feet deep and ends in sand from which the water rises 
within 15 feet of the surface (1,160 feet above sea level). It 
has been pumped at the rate of 30 gallons a minute. The water 
is pumped to an elevated tank and is to be distributed through 
a system of mains. 


MITCHELL COUNTY 





BY O. E, MEINZER, 
TOPOGRAPHY AND GEOLOGY. 


Mitchell county exhibits few topographic irregularities. The 
deep-drift area, however, is higher than the shallow-drift area, 
a fact that has an important bearing on ground-water condi- 
tions. 


The bedrock in all parts of the county probably consists of 
limestone of Devonian age, upon the irregular surface of which 
rests a mantle of glacial drift. In the southwest the average 
thickness of the drift is perhaps 200 feet, and in certain locali- 
ties it exceeds 300 feet. In much of the northeastern part it is 
also thick, but its average is less. Thus in the northern part of 
Jenkins township and in much of Wayne township the drift 
is only about 50 feet thick, though in the southern part of Jen- 
kins and in some places in the northeastern sections of Wayne 
it is much heavier, locally exceeding 200 feet. In the second 
tier of townships from the east the drift is. thinner than in the 
first tier; in most places in the western half of the county it is 
less than 25 feet thick and limestone outcrops are abundant, 
especially along Red Cedar river. 
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UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


Water is derived from alluvial and outwash deposits, glacial 
drift, Devonian limestone, limestone below the Devonian, and ~ 
Saint Peter sandstone. 


Deposits of alluvial sand and gravel occur locally in the val- 
leys of the principal streams and afford large quantities of wat- 
er to wells from 15 to 25 feet deep. Within the body of the 
glacial drift there are many water-bearing beds of sand and 
gravel, the shallowest of which can not, however, be relied on to 
_ yield water in dry years. The limestone everywhere yields an 
unfailing supply and is the most valuable water bed in the 
county. The city well at Osage extends through the Saint Peter 
sandstone, which was encountered at a depth of 715 feet. 


In the southeastern townships most of the drilled wells end 
in beds of gravel and sand far down in the drift, many wells 
being more than 200 feet and a few more than 300 feet deep. 
In the northeastern townships most of the drilled wells end in 
limestone at depths averaging about 100 feet in the localities of 
thinnest drift and about 200 feet in the localities of thickest 
drift. In the second tier of townships from the east drilled wells 
commonly range in depth between 100 and 150 feet, some ending 
in limestone and others in drift. In the western half of the 
county by far the greater number of good wells are drilled into 
rock and obtain an abundance of water at depths ranging from 
about 50 to 150 feet. 


SPRINGS AND FLOWING WELLS. 

In the western part of Mitchell county, especially in the val- 
ley of Red Cedar river, some rather large springs issue from 
the limestone, the spring in the park south of Osage being typi- 
eal. In the eastern part of the county smaller seeps come from 
gravelly beds in the drift; the spring at Riceville may be cited 
as an example. 


In a belt running north and south through the western part 
of Wayne, Jenkins, and Burr Oak townships the water in the 
drilled wells rises nearly to the surface and in some wells over- 
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flows with slight pressure; farther west it does not flow, even 
though the altitude is lower. The explanation of this distribu- 
tion of flowing wells appears to be as follows: 

Along the east margin of Mitchell county and the adjoining 
parts of Howard county the surface is relatively high and the 
pervious portions of the drift are filled with water nearly to 
the surface. Tio some extent these pervious members are in 
communication with the underlying limestone, which they thus 
keep supplied with water under considerable head. The lime- 
stone may be regarded as a continuous water-bearing forma- 
tion, and consequently, if farther west, where the altitude is 
lower, a well is drilled into the limestone or into sand or gravel 
in communication with it the water will rise under pressure 
and a flowing well may result. The drift thus plays the double 
part of a porous formation through which the water enters and 
an impervious layer under which it is confined. A short dis- 
tance farther west, however, no flows are obtained, although the 
surface is still lower, the rapid reduction of the artesian pres- 
sure evidently being due to leakage through the thin drift cover 
and through rock outcrops. 

Altogether there are in this belt probably several dozen flow- 
ing wells grouped in clusters along streams or in depressions. 
The well on the farm of James McCarthy, in the SW. % sec. 9, T. 
98 N., R. 15 W., is locally famous for its unusually strong pres- 
sure anu flow. It ends in gravel at the depth of 174 feet and 
is reported to flow about 300 gallons a minute. 

In the Osage deep well the water from the Saint Peter sand- 
stone rises to about 1,110 feet above sea level. According to 
the railway su.veys the altitude at Osage is 1,168 feet above 
sea level; at Riceville, 1,229 feet; at McIntyre, 1,279. feet; at 
Stacyville, 1,208 feet, and at Saint Ansgar, 1,175 feet. 


CITY AND VILLAGE SUPPLIES. 
 Osage—At Osage (population, 2,445) it is reported that 40,- 
000 gallons are pumped from the city well daily and about 1,500 
people are supplied. The water is lifted into an elevated tank 
and thence distributed through nearly four miles of mains to 42 
fire hydrants and about 400 taps. 
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The city well (Pl. VII, p. 324) is 780 feet deep, 12 to 10 inches 
in diameter, and is cased to a depth of 192 feet without pack- 
ing; the curb is 1,168 feet above sea level, and the water stands 
60 feet below curb. The tested capacity is 200 gallons a min- 
ute. Water horizons are reported at 110 feet, with water head- 
ing 70 feet below curb; and at 650 feet, heading 60 feet below 
curb; water is also reported at 780 feet. The temperature of the 
water is 48° F'. The well was drilled in 1899 by J. F. McCarthy, 
of Minneapolis, and cost $2,400. 


Driller’s log of city well at Osage. 











| 
Thickness. Depth. 








Feet Feet 











OE comes ere et a a es neem a 20 20 
DAMOESTONG oe ae kn wa ee once ee I ee eee 160 180 
Gumbo}sltale a Aer ee eer eee eee ee 20 200 
Limestone (water ‘at 660. feet). 2.220 ee eee eee 460 660 
Shalevand saidstone mixed .W.c-c003 kee eee eee ee 60 720 
DGTOBEOTG ie ooo a icc Ee ee 60 7380 
Record of strata in Osage city well.* 
| rhickness. Depth. 
{ 
Feet Feet 

No sample —..-..... ROME EA Pees sel ES 490 490 
Dolomite, light buff, ~“erystalline; “beginning ‘at 490 feet; 4 pamples.- oe 50 540 
Limestone, light gray; effervescing freely in cold hydrochloric acid; 6 samples__ 85 625 
Limestone, yellowish; with pyritic crystals and small nodules; 2 samples Bee 15 640 
Limestone, light gray; with pyrite; issampie. ==: eee 5 645 


Limestone, dark gray; small chips of lighter gray from above; some grains 


of pyrite; I gample oinccieciacoeeeconee Be eo ioe la nee eee Beenie nae 10 655 
Limestone, dark gray, shaly, pyritic; i sample__-- PEAS SES pe Ae 8 5 660 
Limestone, dark gray; chips of green shale. — eee 10 670 
Shale, greenish fn eb nin gn he i rw a coc ee a ap i ee 6 675 
Shale, slaty gray; some small flakes of limestone and crystals of pyrite; 2 

Samples “fo 22.52 5 nc ee pa re ee ne Coe 20 695 
Shale, dark green; a few small bits of limestone and grains of clean water- 

worked QUNartz sONd 621k ee eee tenceeindn nanentabesen: asoue eens ekaee 20 715 
Quartz sand, clean, clear, water worn; some chips of green shale from above; 

8 samples: sand at 750 feet a little finer than that above... ~~ ssccesenee ase se 85 750 
Sand; yellowish; finer than any in the abovés_.-2- = 4 ee 10 760 
Shale, greenish, marly; some sand grains and small chips “of limestone_--------- 10 770 
Sand, fine, gray; well rounded grains; some shale_--~---_-__-____ eae CR ae 10 








aCalvin, Samuel: Ann. Rept. Geol. Survey of Iowa, vol. 13, 1903, p. 336. 


Calvin refers the sandstones from 725 feet to the bottom of 
the well to the Saint Peter, and all the rocks above it to the 
Galena, Decorah, and Platteville formations. The occurrence 
of water above the Decorah shale—the source of powerful 
springs in the northeastern counties of the state—should be 
noted. 
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Riceville——The public supply of Riceville (population, 844) is 
taken from a spring which issues from a seam of sand in the 
drift at the bank of the river and yields about 20 gallons a 
minute. The water is allowed to flow into a reservoir from 
which it is pumped into an elevated tank and thence distrib- 
uted through a small system of mains to four fire hydrants and 
15 taps. 

St. Ansgar.—The city well at St. Ansgar (population, 747), 
put down in 1902 by Emil Sedlack, of Thief River Falls, Minne- 
sota, is 240 feet deep and 10 inches in diameter. (See Pl. VII, p. 
324.) The curb is 1,175 feet above sea level and the water stands 
20 feet below the curb. 

This well was in process of boring when the county was sur- 
veyed by the Iowa Geological Survey. The drill had then 
reached a depth of 160 feet, the last 60 feet being in the Ma- 
quoketa shale. 


WINNEBAGO COUNTY 


BY O. E. MEINZER, 
TOPOGRAPHY AND GEOLOGY. 


Winnebago county is covered with glacial drift to a depth, in 
most localities, of 100 to 200 feet. The upper layer is of Wis- 
consin age and has a gently undulating and poorly drained sur- 
face. The highest land and the deepest drift are found in a 
north-south belt which passes through the central part of the 
county. Beneath the drift is an irregular limestone surface not 
known to outcrop within the county. 


UNDERGROUND WATER. 
SOURCES. 


Water is obtained from the glacial drift and from the under- 
iying limestone. The drift is tapped by a large number of 
dug, bored, driven, and drilled wells, and furnishes the great- 
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er part of the supply; the limestone is reached by a smaller num- 
ber of drilled wells, but the supplies are very satisfactory. 

Driven wells are successful only over small tracts where coarse 
material has been deposited at the surface. Bored wells are 
common throughout the county, but many of them are filthy and 
their yield is frequently small and uncertain. Drilled drift 
wells penetrate deeper and reach beds of sand and gravel from 
which water is delivered under pressure. Where the water- 
bearing material is sufficiently coarse, they are satisfactory, but 
in some of them the sand is so fine that it rises when the water 
is pumped. Drilled rock wells extend through the entire thick- 
tess of the drift and communicate with the system of joints 
and solution passages which ramify through the limestone, and 
which are charged with abundant excellent though hard water 
that is everywhere under pressure. Drilled rock wells are most 
common in the western part of the county and least numerous in 
the central part where the drift is deep. 

The good features of rock wells can be summarized as fol- 
lows: (1) They contain no sand to cause trouble; (2) their 
yield is usually large and permanent; (3) the water is under 
enough pressure to rise high above the bottom of the wells, thus 
requiring a comparatively small lift; and (4) if they are prop- 
erly cased their water is pure. As at all points the limestone is 
within easy reach of the drill, it is advised that, where the yield 
from the drift is not abundant or the sand causes trouble if not 
sereened, drilling should.be continued until limestone is pene- 
trated and free communication is established with its water- 
filled crevices. It is poor economy to stop with an unsatisfac- 
tery sand well when a little deeper drilling would result in a 
good limestone well. 


HEAD. 


The water in the limestone and deeper parts of the drift is 
invariably under a pressure which lifts it far up in the wells. 
The lowest head, relative to the surface, is found in some of the 
highest areas in the central part of the county, but even here 
the lowest head reported was only 75 feet below the surface. 
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Near the west margin of the county flows are obtained in the 
ereek valleys and other low-lying areas. In the well at Forest 
City a light flow was struck in gravel at a depth of 80 feet and 
stronger flows were obtained at lower levels. Other flowing 
wells could probably be obtained in the valley of Lime creek. 
The following table shows the head of the water from the lower 
part of the drift or the subjacent limestone at several points: 


Head of water in Winnebago County. 











Height to which 








28 
rE water rises 
wo 
36 a 
Locality oe 6 5 oe 5) 
Bes | Bee | gs 
seh oO 5 o5 
es 220 oy 
<j < <q 
E Feet Feet Feet 
WG URUUT, oo RR A a 8 Meee: ERO. A edhe eS OS ee 1,265 —30 1,235 
Perea em CORRr War Ch TDi W PLLA bcs ae ee eae ee eo ee 1,180 | Above 1,180 
Jan) 2) oe SRE Se SE ers 8 ee ee ee enn 5 ee @1,275 —75 a1,200 
LU OC 2 eee SS ae ee See ae 1,183 —i4 1,169 
(NOW, = 2) SEES BR ee as ee eee ee ee a 1,154 —10 1,144 








a Approximate. 

Wells which, like the Forest City well and the Lake Mills 
railway well, have been sunk to some depth into the limestone, 
yield so generously, have so good a head of water, furnish such 
_a fair quality of water, and are in every respect so satisfactory 
that it does not seem advisable to drill deeper even where large 
supplies are required. From the deep-well data in this region it 
may be inferred that the water from the lower sandstones would 
not rise so high as that in the limestone underlying the drift. 


DRAINAGE WELLS. 


Where the water in rock wells stands at some depth below 
the surface, it is possible to drain ponds and swamps through 
them into the rock, though it is not certain that this method of 
drainage can be made profitable. Where the water rises nearly 
to the surface, as along the west margin, drainage through wells 
is not feasible. In other sections of the state wells discharging 
into sand have not proved as successful as those which discharge 
into creviced limestone, and the same condition would probably 
exist in Winnebago county. 
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CITY AND VILLAGE SUPPLIES. 


Buffalo Center.—The village well at Buffalo Center (popula- 
tion, 456) is 168 feet deep, the last 44 feet of which are in lime- 
stone. The water stands 14 feet below the surface, or 1,169 feet 
above sea level. There is an elevated tank, and new mains are 
being laid to replace the old ones which have become corroded. 
The people depend almost entirely on private wells, many of 
which are sunk only a short distance into the drift. 


Forest City—The well which furnishes the public supply at 
Forest City (population, 1,691) is four inches in diameter and 
300 feet deep, the last 180 feet of which are in limestone. It is 
located in the valley, and the water rises a few feet above the 
surface, or to about 1,180 feet above sea level. It yields several 
hundred gallons per minute by natural flow at the surface and 
discharges into the bottom of an underground reservoir at a 
rate of about 800 gallons a minute when the water level in the 
latter is lowered to seven feet below the surface. Approximate- 
ly two-thirds of the inhabitants of Forest City are reported 
to use the public supply. The water is pumped into a standpipe 


and delivered through 314 miles of mains to 33 fire hydrants 


lm 


and about 140 taps. It is estimated that an average of 90,000 
gallons of water are consumed daily. 


According to a forecast of artesian possibilities made by Nor- 
ton, the Saint Peter sandstone is estimated to lie only 700 or 


800 feet below the surface, or between 400 and 500 feet above ~ 


sea level. Water may be found in considerable quantity above 
the Saint Peter, in the Galena limestone, and in the Platteville 
limestone above its basal shales. These basal green shales of 
the Platteville, which rest on the Saint Peter, may be expected 
to be heavy and to need casing. The Saint Peter sandstone should 
exceed 50 feet in thickness, and may be more than double that. 
The limestones and sandstones underlying the Saint Peter would 
add largely to the supply, and sinking for less than 500 feet 
below the base of the latter would test their possibilities. The 
quality of the water should be excellent, its chief mineral in- 
gredients being calcium and magnesium carbonates. 


a) ‘heey 
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Lake Mills——The well which furnishes the public supply at 
Lake Mills (population, 1,214) is 233 feet deep and enters lime- 
stone at 105 feet. The water rises to 30 feet below the surface, 
or about 1,235 feet above sea level, and has been pumped at 35 
gallons a minute. The well of the Chicago & North Western 
Railway Company at the same place is 334 feet deep, and enters 
limestone at 120 feet, with the water rising within 21 feet of 
the surface, or about 1,235 feet above sea level. In this well 
pumping at the rate of 125 gallons a minute for 10 hours did 
not perceptibly lower the water. 


The public supply is pumped to an elevated tank, which con- 
nects with more than a mile of mains and 11 fire hydrants. Most 
of the people use water from private wells, but a few are sup- 
plied from the public waterworks. Approximately 17,000 gal- 
lons of water are used daily. 


No deep wells have been drilled within a considerable dis- 
tance of Lake Mills, but the dip of the strata, as estimated from 
the sections at Easton, Minnesota, and Mason City, indicates, 
according to Norton, that the Saint Peter sandstone lies 500 
to 600 feet above sea level or about 700 to 800 feet below the 
surface. If any deep well is drilled it should be sunk to the bot- 
tom of this formation, which may be 100 feet in thickness. 


Thompson.—The public supply at Thompson (population, 
500) is derived from a drilled well six inches in diameter that 
ends in limestone at the depth of 300 feet, the water rising to a 
level 75 feet below the surface. The waterworks consist of an 
elevated tank with less than a quarter of a mile of mains and four 
fire hydrants. The people rely chiefly on private shallow drift 
wells, using only 2,500 gallons daily of the public supply. 


51 
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WORTH COUNTY 


BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


The outer margin of the terminal moraine of the Wisconsin 
drift sheet crosses Worth county diagonally from northeast to 


southwest. West of this margin the topography is irregular ‘ 


and morainic and the drainage is poor; east of it an older drift 
lies at the surface, which, although only slightly dissected, has 
a well-developed drainage system. 


The total thickness of the glacial drift is greatest in the north- 
western morainic townships, where over extensive areas it 
measures between 100 and 200 feet, and in the extreme north- 
east, where in many places it exceeds 100 feet. Throughout the 
rest of the county its average thickness is probably 50 feet or 
less. The drift is for the most part underlain by Devonian lime- 
stone, which is exposed in many places along Shell Rock river 
and other streams. 

UNDERGROUND WATER. 


SOURCES. 


The water supply of Worth county is obtained from alluvial 
and outwash deposits, glacial drift, and limestone of Devonian 
age or possibly older. 


There are many drilled wells in all parts of the county, 
although shallow dug, bored, and driven wells are numerous in 
the morainic area and in the areas where alluvial and outwash 
sands and gravels lie at the surface. The drilled wells end in 
the lower parts of the drift or in the subjacent limestone, the 
average depth, as well as the proportion that end in drift, being 
greatest where the drift is thickest. In general the wells end- 
ing in limestone are the most satisfactory, and, as in nearly all 
parts of the county this rock is within easy reach of the drill, 
it is usually unwise to depend on the drift for either farm or 
village supplies. 
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One of the deepest wells in the county is that of the Chicago & 
North Western Railway, at Hanlonton, which enters limestone 
at a depth of 23 feet and extends to a total depth of 260 feet. 
The water in this well is reported to rise within 23 feet of the 
surface and to have been pumped at the rate of 100 gallons a 
minute. 


CITY AND VILLAGE SUPPLIES. 


Northwood.—The city well at Northwood (population, 1,264) 
is 10 inches in diameter and 92 feet deep, the last 50 feet being 
in limestone. The water rises within 18 feet of the surface, or 
to about 1,204 feet above the sea, and has been pumped con- 
tinuously for 15 hours at 100 gallons a minute without noticeable 
effect. It is lifted from the well into an elevated tank and is 
thence distributed by gravity through about one and three-fifths 
miles of mains to 20 fire hydrants and approximately 70 taps. 
It is estimated that 400 people are supplied and that about 18,- 
000 gallons of water are consumed daily. Nearly all the private 
wells are less than 100 feet deep. 


Northwood is 1,222 feet above sea level. According to a fore- 
east of the artesian conditions of the locality made by Norton, 
the drill, after penetrating the cover of drift clays and 
sands, will pass through Devonian limestones and_ shales 
with possibly some Silurian limestones, the whole, how- 
ever, being less than 175 or 200 feet thick. The Maquoketa shale, 
here rather thin, will then be penetrated, and below it several 
hundred feet of magnesian limestones may:be expected. As 
these last are underlain by a heavy shale belonging to the Platte- 
ville limestone, considerable water will probably be found in 
their crevices and porous beds. A dependable supply will be 
found in the Saint Peter sandstone immediately below the heavy 
shale mentioned, which may be expected at about 600 feet 
above sea level, or about 625 feet below the surface, although it 
may lie 100 feet deeper. About 100 feet should be allowed to 
penetrate this shale. 
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WRIGHT COUNTY 


BY O. E. MEINZER. 


TOPOGRAPHY AND GEHOLOGY. 


All of Wright county is covered with glacial drift. Extending 
across it, somewhat east of the center, with a general north- 
south trend, is a high morainic belt which contains several lakes 
and other undrained depressions and forms the divide between 
the basin of Iowa river, which flows through the eastern part of 
the county, and the basin of Boone river, which flows through 
the western part. In this belt is found the deepest drift, the 
average depth probably being not less than 200 feet; at one 
point, two miles south and two miles east of Clarion, a depth of 
367 feet is reported. In much of the eastern part of the county, 
on the other hand, the depth of the drift is only about 100 feet, 
and in the Iowa valley it is generally less. Throughout all or 
nearly all of the county the drift rests upon a surface of indu- 
rated Paleozoic limestone. 


UNDERGROUND WATER. 


SOURCES. 


The water supply is derived from the glacial drift and the 
underlying limestone. The upper layer of drift, owing to its 
loosely consolidated and somewhat gravelly condition, is to a cer- 
tain extent porous, and because of the poor drainage, it is nor- 
mally saturated nearly to the surface with water which it yields 
slowly to shallow dug or bored wells; but in time of protracted 
drought this surficial water largely disappears and leaves the 
wells without adequate supply. In certain small districts, where 
beds of sand or gravel lie at the surface, as in parts of the Iowa 
valley, inexpensive wells with large yields are obtained by driv- 
ing points only a short distance into these porous water-filled de- 
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posits. Deeper in the drift beds of sand and gravel are inter- 
bedded with dense blue bowlder clay, and these beds are almost 
invariably saturated with water under pressure. Numerous 
drilled wells are supplied from this source. 

The limestone below the drift is hard and impervious, but 
more or less broken and cavernous, and it is this condition, prob- 
ably produced by preglacial weathering, that renders it an ex- 
cellent aquifer. The openings in the rock are charged with water 
under considerable head, and when they are encountered by the 
drill the water surges into the well and rises rapidly to a level 
determined by the head. That large supplies can be obtained by 
drilling some distance into the limestone is shown by the village 
wells at Forest City, Britt, Latimer and Clarion, each of which 
will furnish several hundred gallons a minute without any great 
lowering of the water level. Moreover, wells ending in rock do 
not give trouble as do so many of the sand wells, and the yield 
does not deteriorate with time as is frequently the case in wells 
ending in fine-grained unconsolidated material. Though it is not 
always necessary to drill to rock, yet there is much ill-advised 
economy in finishing wells in unsatisfactory sand beds when a 
little deeper drilling would reach rock and result in a much 
better and more permanent well. Another mistake frequently 
made, especially where large supplies are desired, is in stopping 
the drill before the limestone has been penetrated a sufficient 
depth. The farther the drill hole enters the rock the more wa- 
ter-filled crevices it taps and the more chances there are that a 
large fissure or cavern will be encounterd. The village wells 
mentioned above penetrate rock to depths ranging from 20 to 
180 feet. 


HEAD. 
The following table shows the head of the water from the 


limestone and lower parts of the drift at several points in or 
near Wright county: 
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Head of water in and near Wright County. 
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In the high central belt the water in the drilled wells remains 
far below the surface, lifts of 50 to 100 feet being general. On 
the lower ground east of this belt the water usually rises near 
the tops of the wells, and in the lowest parts of the valley of 
Towa river at Belmond, Dows and elsewhere, flows are obtained. 
West of this belt over an extensive area the water rises above 
the surface or remains only a few feet below, flows being ob- 
tained all along the immediate valley of Boone river and far 
up the valleys of Otter, Eagle and White Fox creeks and their 
tributaries. James Rowe, an experienced driller in Kagle Grove, 
estimates that a flow can be obtained at some low point on ap- 
proximately half of the farms in the western half of the county. 


The above table shows that the head of the water is relatively 
independent of the surface configuration, the water rising to 
nearly the same level above the sea in the high central area, 
where it remains far below the surface, as in the valleys, where 
flows are obtained, the wells being as truly artesian in principle 
in one area as in the other. The table shows, however, that the 
head gradually lowers toward the south and west, a condition 
due to leakage at rock outcrops in the Des Moines valley to the 
west and in the Iowa valley and other localities to the south. 


Information gained from deep wells drilled at several places 
near Wright county indicates that the water from the sandstone 


2Approximately. 
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formations below the limestone will rise to approximately 1,100 
feet above the sea. The supply from the rock immediately be- 
neath the drift is so satisfactory in quantity, quality, head, and 
other respects that probably nothing would be gained by drilling 
to the more deeply buried sandstones. 


DRAINAGE WELLS. 


In the high central area, where the water in rock wells remains 
a considerable distance below the surface, it is possible to drain 
swampy tracts by conducting the surface water into drainage 
wells, but in the lower parts of the county, where the water from 
the limestone rises nearly or quite to the surface, this method can 
not be employed. Where it is possible to drain into stream 
channels or large cooperative ditches, drainage into wells will 
probably not be profitable, but it is possible that, where condi- 
tions are favorable, small isolated swamps, remote from any 
ditch or stream channel, can be profitably reclaimed by wells. 
The two favorable conditions in the central part of this county 
are (1) the low head of the well water and (2) the creviced 
character of the limestone, both of which increase the capacity 
of a well for receiving water; the one unfavorable condition lies 
in the thickness of the drift, which, of course, increases the cost 
of the wells proportionately. Thus far drainage wells have not 
proved very successful even where the physical conditions are 
the best, the chief difficulty being the rapid deterioration in the 
capacity of the wells, which is believed to be due to the clogging 
of the pores and crevices in the rock by sediment carried in 
with the water. This deterioration takes place more rapidly 
in sand and gravel deposits, whose pores readily become sealed, 
than in the limestone which has larger openings that are not 
so easily clogged. If drainage into wells—even into limestone 
wells—is to be made successful, it will be necessary to devise 
methods for lengthening the life of the wells used for this pur- 
pose, and this can probably be accomplished only by preventing 
sediment from entering with the water. An experiment that 
might be worth trying is to excavate a reservoir of considerable 
size in which the water could stand for some time, thus allowing 
the suspended matter to settle before the water is taken into the 
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well. Such a reservoir would also greatly augment the poten- 
tial capacity of the well in that it would receive the water from 
a heavy rain and supply it to the. well gradually, thus draining 
the land before the crops were damaged and yet allowing the 
well to be functional during a large part of the time. Where 
the drainage is effected by an underground system of tiles, the 
difficulty with suspended matter is much less than where the 
water is led to the wells in ditches. . 


CITY AND VILLAGE SUPPLIES. 


Belmond.—tThe public supply at Belmond (population, 1,224) 
was until recently taken from a dug well 14 feet in diameter and 
25 feet deep and from eight driven wells 27 feet deep, the water 
coming from a surface layer of sand. There are an elevated tank, 
114 miles of mains, 16 fire hydrants, and 56 taps. It is estimated 
that about 225 people, or one-fifth of the population, are sup- 
plied and that about 18,000 gallons are consumed daily. 


The city well recently completed has a depth of 500 feet and 
a diameter of 10, 8, and 6 inches; casing 10 inches ‘to rock at 
130 feet, 8 inches to about 250 feet. The curb is 1,180 feet above 
sea level and the head 16 feet below the curb. The depth to 
the principal supply is 500 feet; another water bed is at 25 feet. 
Date of completion, 1911; driller, W. L. Thorn, of Sparta, Wis- 
consin. 


Driller’s log of city well at Belmond. 











| Thickness | Depth. 
Feet Feet 

Grayeland ‘clay +(drift) 02 eo ee ee en eee 130 130 
Lime rock -(Mississippian) ...2 5.4 ee ee ee ee ee ee 100 230 
Shale qbime Greek, of Devenian) 2). fee ee Se ee See ee eee 40 270 
TATHB TOOK 8 cee ee BS Ss ee ree ee eee i 
Waleg sss at ce eo eee Te Re eee en enn eee 20-80 ? 
Lime rock: (to pOttom)’ 225.0224 eee ee eee 500 





The well penetrates deeply the Devonian and perhaps the 
Silurian limestones, but does not reach the Maquoketa shale, 
although that formation should be found within 100 feet of the 
bottom. The Saint Peter sandstone is estimated by Norton to 
be about 1,150 feet below the surface. 


| 
| 
, 
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Clarion.—The village well at Clarion (population, 2,065) is 
280 feet deep and ends in limestone from which the water rises 
to 28 feet below the surface, or 1,142 feet above sea level. It 
has been tested at 500 gallons a minute. An elevated tank has 
recently been erected and a system of mains laid. 

Clarion is 1,170 feet above sea level. According to Norton, a 
deep well passing through the cover of glacial drift should find 
limestone with some shales extending to a depth of about 750 
feet. in these limestones, which are of Mississippian, Devonian, 
and probably also of Silurian age, some water may be found 
and its quality will probably be so good that it will not require 
casing out. Below these limestones lies a bed of mud-rock shale. 
the Maquoketa (Ordovician), which effectually parts the waters 
above it from those below. The Maquoketa shale rests on 300 
to 350 feet of dolomitic limestones (Galena), below which the 
drill will enter the heavy green Decorah shale and then the lime- 
stones and shales of the Platteville, which together may exceed 
75 or even 100 feet in thickness. In the Galena and Platteville 
hmestones the drill may be fortunate enough to strike one or 
more water beds in creviced or porous rock and may possibly 
find a supply sufficient for the town, but as the formation imme- 
_ diately underlying the Platteville limestone is the Saint Peter 
- sandstone it is advised to carry the drilling into this white and 
smooth-grained sandstone. The top of the Saint Peter should 
be reached at about 1,270 feet from the surface, but the contract 
for a well should provide for going to a depth of 1,500 or 1,600 
feet if necessary in order to insure against contingencies, al- 
though 1,400 feet should be amply sufficient to tap not only the 
Saint Peter but also the main water beds below it. 

Dows.—The public supply at Dows (population, 892) is taken 
from an eight-inch well 85 feet deep, in which the water rises 
to 15 feet below the surface, or to 1,146 feet above the sea. 
There are an elevated tank, five-eighths of a mile of mains, nine 
fire hydrants, and 15 taps. The water is used by only a small 
part of the population and the average daily consumption is 
reported to be approximately 5,000 gallons. 

Eagle Grove—Only a few people in Eagle Grove (population, 
3,387) use the public supply; the rest have private wells, most 
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of which overflow. The public supply is taken from two wells, 
one of which is a 20-inch bored well that ends in gravel and is 
cased with tile, the other a six-inch drilled well with iron casing 
extending to a depth of 168 feet and penetrating limestone, from 
which the water rises above the surface. The two wells will 
together. discharge 500 gallons a minute into an underground 
reservoir through an orifice 25 feet below the surface. There ~ 
are a standpipe, 3 miles of mains, and about 35 fire hydrants. It 
is estimated that she tnteayee 40,000 gallons are cone 
daily. 


Norton estimates that if the dip of the strata from Mason 
City to Fort Dodge is uniform the Saint Peter sandstone should 
occur at Eagle Grove at very nearly 1,300 feet below the sur- 
face, and that it and the formations immediately below it would 
yield a large quantity of wholesome water. In order to get 
the largest yield it is recommended to sink to 600 or 700 feet 
below sea level, or to 1,700 or 1,800 feet below the surface. 
As soon as the shales of the Saint Lawrence formation appear, 
at 1,700 feet or lower, the drilling should be stopped except 
under expert advice to the contrary. 


No special difficulties in drilling need be apprehended. Shales 
may be expected to occur among the limestones of the upper — 
800 feet, and heavy shales will be found between 800 and 950 
feet, and again between 1,200 and 1,300 feet. These should be 
ogee to insure against caving. 


Water beds will probably be struck in the limestones shee 
the Saint Peter, but it is hardly probable that the quality: of 
any of these waters will be such as to necessitate their being 
cased out. 
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CHAPTER XII. 





UNDERGROUND WATERS OF THE CENTRAL DISTRICT. 





INTRODUCTION 


BY W. H. NORTON. 


The central district comprises twelve counties situated in 
central Iowa—Boone, Dallas, Greene, Grundy, Guthrie, Hamil- 
ton, Hardin, Jasper, Marshall, Polk, Story and Webster. By 
far its larger part, including all the central and western por- 
tions, is underlain by Pennsylvanian rocks, which here consist 
predominantly of shales; the eastern part is underlain by the 
Mississippian, which also includes: heavy shale beds. The 
presence of these heavy beds of shale makes the question of the 
deep water supply of special importance. 


The Paleozoic terranes continue their southwestward dip well 
toward the western part of the area. From Waterloo to Ackley 
the average fall of the Saint Peter sandstone is eight feet per 


-mile; from Ackley to Fort Dodge the fall decreases to 214 feet 


per mile (Pl. VI, p. 310). The section along the Chicago & North 
Western railway shows a descent of the Saint Peter from Belle 
Plaine to Boone averaging four feet to the mile (Pl. XI, p. 458), 
out this dip is interrupted by the Ames anticline, discovered by 
Beyer and demonstrated by his section of the deep well at the 
Towa Agricultural College. By this singular upwarp the Saint 
Peter at Ames stands 275 feet higher than at Boone, 15 miles 
farther west. From Boone a very gentle descent of about three 
feet to the mile continues to Ogden, but from Ogden the strata 
rise at the rate of 814 feet to the mile as far as Jefferson. 
Along the main line of the Chicago, Rock Island & Pacific rail- 
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way the Saint Peter dips west from Grinnell to a point 12 miles 
north of Des Moines at the rate of 6 feet to the mile. (See Pl. 
XV.) West of Des Moines the strata probably continue their 
westward dip through or nearly through Dallas county, beyond 
which a very gentle ascent probably occurs. From Waterloo 
to Des: Moines the Saint Peter descends 1,143 feet, or a little 
less than 1214 feet to the mile. 


The deep-water beds of this district are the Saint Peter sand- 
stone, the Prairie du Chien stage, and the Jordan sandstone. 
THe latter, however, may not be found well defined in the south- 
ern and southwestern parts. In the sections at Boone and Des 
Moines the terranes below the Saint Peter are not well demarked, 
even the boundary between the Prairie du Chien and the Jordan 
being indistinct. Though water-bearing sandstones will un- 
doubtedly be found below the Saint Peter, their place can not 
be predicted and their correlation is not always determinable. 
In the central and southwestern parts of the district these sand- 
stones are to be found only at great depths and the cost of 
reaching them should be well considered before a deep well is 
decided on. The history of the Boone wells is exemplary in 
this respect. 


In the northern tier of counties the Saint Peter seems to be 
unusually thick and the terranes immediately underlying it are 
apparently markedly arenaceous. They lie within profitable 
drilling distance of the surface and may be expected to yield 
exceptionally large supplies of water. 


Moderate amounts of water may be found in the Galena and 
Platteville limestones, but generally wells should be carried 
through the Saint Peter or the underlying water beds. The 
Herndon supply seems to come from the Galena, and it is quite 
possible that had the well been drilled a few score feet deeper 
the Saint Peter would have been encounterd. 


The waters of the country rocks, especially those of the Penn- 
sylvanian, are apt to be so highly mineralized as to be unpotable. 
The gypseous beds of the Silurian also furnish highly mineral- 
ized waters at a number of places. Special care should be taken 
to case out these upper waters from deep wells. The high 
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mineral content of a number of the deep wells leads to a strong 
suspicion that their waters are derived in part from upper 
horizons, yet the lower waters—those of the Saint Peter and 
the subjacent beds—have come far, they have sunk deep, their 
circulation has no doubt become sluggish, and they have had 
opportunity to take up far more minerals in solution than have 
the waters of the same beds farther to the north and east. 

Taking all factors into consideration deep wells can not be 
recommended for the extreme southern part of the district, in- 
eluding the southern half of Guthrie, Dallas, Polk and Jasper 
counties, except as experiments and where other sources are 
unavailable. The depth of the Ordovician formations along the 
axis of the downwarp from Boone southward renders deep-well 
drilling here, also, of doubtful expediency. Except in these 
parts of the district, however, wells may obtain water of fair 
quality without being carried to excessive depths. Other 
sources of supply should, however, be carefully considered be- 
fore decision is made in favor of artesian wells. 


BOONE COUNTY 


BY W. J. MILLER AND W. H. NORTON. 
TOPOGRAPHY AND GEOLOGY, 


The surface of Boone county is rather flat, although very 
gently rolling areas are not uncommon. The most striking 
modification of the general flatness is the broad, deep valley 
eut by Des Moines river from north to south across the middle 
of the county. A much less noteworthy depression is formed 
along Beaver creek in the western part. 

Wisconsin drift and Kansan drift are spread over the whole 
county except along Des Moines river, where both have been 
completely eroded. The drift appears to be thinner on the west 
side of the river than on the east. It rests immediately on the 
Des Moines stage of the Carboniferous, which has been well 
exposed by erosion along Des Moines river. 

The drift formations show rapid variations in thickness, but 
are generally horizontal. The rock formations dip rather 
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strongly to the west in the eastern part of the county and lie 
about horizontal in the western part. (See Pl. XI, p. 458.) 


UNDERGROUND WATER. 


SOURCES. 

Most of the wells in Boone county obtain water in the sand or 

gravel beneath the Wisconsin drift, at depths ranging in dif- 

ferent districts from 50 to 120 feet. Where the gravels fail to 

yield sufficiently deeper wells must be drilled. Along Des Moines 

river the Wisconsin is altogether absent, and it also appears 
to be absent or very thin along the other watercourses. 


Where the Wisconsin drift is very thin or absent, especially 
along certain watercourses, first water is obtained in the sand 
or gravel beneath the blue clay of the Kansan drift, which af- 
fords a persistent and satisfactory supply and is tapped by a 
.good many wells. Because of rather rapid and local thickening 
and thinning of the Kansan, the depth of this water varies 
greatly even in any one part of the county. Depths ranging 
from 100 feet to nearly 300 feet have been noted, the most com- 
mon being 150 to 200 feet; the greatest depth appears to be in 
the vicinity of Boone. Along Des Moines river the Kansan has 
been completely cut. through. Unless a well has been sunk into 
the underlying rocks, it may be difficult to tell whether the water 
comes from beds below the Kansan or below the Wisconsin. 


Local good supplies are found in sandy layers in the blue clays” 
of either the Wisconsin or the Kansan drift sheets. 


A number of wells obtain water from Carboniferous sand- 
stones (Des Moines stage). A few very deep wells, as at Boone 
and Ogden, get water in Cambrian sandstone. 


On the lowlands along stream courses the water in the drift 
may be under sufficient head to overflow at the surface. The 
most important flowing basin in Boone county is along Beaver 
creek and its branches. Flows are also obtained along Big creek 
in the southeastern part of the county, and at least one flowing 
well exists in the northeastern part of the county in the valley 
of Squaw creek. A flowing well has been reported in the north- 
western part of Boone and another five miles north of Boone. 
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IOWA GEOLOGICAL SURVEY 
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» available data are not sufficiently accurate to determine 

tely the source of these flows, but the best evidence indi- 

at those along Beaver and Big creeks are derived from 

avels beneath the Kansan drift, and the others from the 

and gravel beneath the Wisconsin. The flowing well in the 

west part of Boone and the one five miles north of Boone 
ost certainly from the Wisconsin. 


SPRINGS. 


few springs are found along Des Moines river and some 
e smaller streams, but none are of notable size. 


' CITY SUPPLIES. 


me.—Boone (population, 10,347) derives its water supply 
four wells, 3,010, 2,900, 297 and 264 fect deep. (See Pls. 
XVI.) The water is pumped by air lift to a reservoir and 
e to an elevated tank, from which it is distributed by 
ty with a domestic pressure of 40 pounds and a fire pres- 
of 100 pounds. Boone has 1014 miles of mains, 46 fire 
nts, and 500 taps. The system serves 2,500 people with 
0 gallons a day. The water is plentiful but hard. 


well No. 1 has a depth of 3,010 feet and a diameter of 8, 
14, 344 and 3 inches; casing, 55% inches to 1,400 feet, 414 
s from 1,300 to 1,875 feet, and smaller from 1,975 to 2,073 
The curb is 1,140 feet above sea level and the head 200 
elow the curb. The pump cylinder is set 276 feet below 
rb; pumping at the rate of 70 gallons a minute produced 
ticeable effect on water level. Water from depths of 45 
nd 195 feet rose to 35 feet below the curb and yielded 40,- 
allons a day; water from the Saint Peter sandstone at 
) feet rose to 60 feet below the curb; water from beds at 
th of 2,700 feet stood 200 feet Pate the curb but gave 
ast yield. Date of completion, 1890. Temperature, 68° F. 


» water is corrosive and seale forming; new water pipes 
lers are eaten out sometimes in six months; scale deposits 
-rate of about one inch a week in heater and one-sixteenth 
inch in boiler tubes. 
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Record of strata in well No. 1 at Boone.* 














Pleistocene (200 feet thick; top, 1,140 feet above sea level): 
Clay, yellow, sandy, ‘variegated eine ieinte ale cad iecren ee stone 
Clay, light blue; mixed with angular gravel 
Clay, light blue: gravel more conspicuous...-. 1.0... eee 
Olay, yellowish gray, slightly arenaceous; and containing fragments of wood closely 


resembling red cedar; gravel persists but is less angular___-__--_---__--.-----__----__----} 


Clay, gray-blue; more even in texture than preceding, but still containing a consider- 
able percentage of arenaceous material; strongly calcareous.---__------------.-__----__ 
Clay, yellow-gray; changes gradually to yellow at 140 feet; even-textured, almost 
free from gravel, but slightly arenaceous throughout; 3 samples at 100, 110 and____ 
Clay, grayish yellow; containing angular sand and gravel_._..._.-______________________ 
Gravel, coarse; embedded in matrix of blue clay; gravel of quartzitic, cherty, and 
basic igneous rocks; many pebbles faceted... 2.2 2o- ee 

Olay deep* brown 252285 ose te ee oe ee eee 

Clay, blue, massive 

Sand, quartz; fine uniform grain, containing a few grains of calcareous chert__.-.---__ 

Gravel, coarse; composed chiefly of granite, vein quartz, basic igneous rocks, quartz- 
ite and nodules of clay ironstone. The latter two bespeak strongly a Coal Measures 
origin. The rounded forms of many of the constituents bear evidence of prolonged 
attrition ~~... =n 2 nn ag wr re ee 

Pleistocene (?) (70 feet thick; top, 940 feet above sea level); may belong to Des Moines 
stage of the Pennsylvanian: 

Shale, buff, arenaceous; containing a small amount of fine gravel probably carried 
down from overlying strata; slightly calcareous, loesslike in appearance, and with 
distinct soil odor; samples at 240 and 260 feet clay, drab, sandy, and pebbly; not 
molding readily when wet; sample at 230 feet effervesces freely in acid, and slightly 
calcareous below; appearance of old soil at 240 feet; a little wood at 250 feet; 7 
samples at 200, 210, 220, 280, 240, 250 and. -- eee 

Oarboniferous: 
Pennsylvanian— 
Des Moines stage (175 feet thick; top 870 feet above sea level)— 
Shale, blue, compact, brittle —_..._.-2-2 2 Se Se 
Shale, blue; a little coal; 2 samples at 275 and 
Shale, blue, calcareous, and slightly arenaceous 
Shale, light blue, strongly calcareous; more arenaceous than the preceding_-____ 
Shale, black, bituminous, fissile; 2 samples at’ S40 ‘and... 
Shale, bituminous, mixed with ash-colored fire clay, coal, iron pyrites, and clay 
TTONStONG 2-242 os ach ee ee ee ee 
Shale, black, noncaleareous, brittle; containing an abundance of iron pyrites_- 
Shale, gray-blue; slightly arenaceous at 400 feet but practically noncaleareous 
throughout; 4 samples) at 380; 890, 400 and 22-0 ee 
Shale, ash-colored, brittle, ealeareous_--_______- Ls we a ee 
Saint Louis limestone and Osage stage (155 feet thick; top, 695 feet below sea 
level)— 
Shale, gray; a little black shale, much flint partly in the form of geodes; 
some limpid quartz; 2 samples at 445 and 
Mississippian— 
Shale, grayish black, calcareous and arenaceous 
Limestone, rhombs of calcite. 











on ee a no oe = He ee = 


ae ee me le ee ee ete ee a ee 


Limestone, slightly oolitic; 4 samples at 470, 475, 400 and =... 2 eee ae 

Shale, blue; strongly caleareous; 3 samples at 515, 625 and__-- 

Shale, gray-blue; more marly than preceding ._—..5. snes oe eee eee eee 

» Limestone, blue-gray; close-textured, brittle; sharply angular. ivi Ansel eee 

Limestone, conchoidal or hackly fracture 

‘Limestone: abnormal] .amount. of Chert......-s2.42 sa eee 

Limestone, oolitic facies, slightly quartzite; not angular_._-------------_---.-__ 

Sandstone, friable, fine-grained, 222 <_ 2 -- a ee a 
Kinderhook stage (215 feet thick; top, 540 feet above sea level)— 

Shale,. green-gray, slightly arenaceous_.._.-. >) ee eee ee 

Shale, slightly caleareous; 2 samples at 610 and 

Shale, more ‘Marly’ 62.22 nsseesS seco a eee eee ee eee 

Limestone, gray; 2 samples at 640 and 

Limestone, gray, marly; from 660 to 

Limestone, blue, compact, brittle 

Limestone, apparently brecciated 

Shale,. @ray :22-0 oe a a 

Devonian and Silurian (520 feet thick; top, 325 feet above sea level): 

Limestone, subcrystalline, gray; 2 samples at' S16 andi... ooo ss6 eee 

Limestone: shows numerous reddish brown spots, probably due to oxidation of iron 

pyrites; 2 samples from 849 to--------------------_--------------------------------------- 

Limestone, magnesian, light. buff;:2 samples from980)to <=. ----- 2 ee 





woe on ee ee + oe n= oe = = = 
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a Adapted from Beyer, S. W.. Geology of Boone Coun}y; Iowa Geol. Survey, vol. 5, 1895, pp. 194- 


198, The assignment to formations follows closely that of Dr, Beyer. 
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Record of strata in well No. 1 at Boone— Continued “oh 
; Depth 
Feet 
Limestone, more or less argillaceous; fragments of a dark colored shale; 2 samples at 
. é (a) CNRS ay ap ata ERS oS eR ae a8 Sa ay wey Te RS Ss A SE Ss 1,040 
MRR ITE VCH ICATOOUG. = senocek meee te se ee eee een ee ee ee 1,050 
Limestone, magnesian, light buff; 2 samples at 1,065 and_--------_--.-.---__----------.-- 1,070 
Shale, gray-blue, slightly caleareous; sand present; 3 samples at 1,080, 1,090 and__._| 1,100 
Shale, arenaceous; many sand grains larger than those above, at ----------------------- 1,120 


Limestone, gray, dolomitic; bituminous shale at 1,130 feet; 3 samples at 1,130, 1,140 and) 1,150 





Limestone, magnesian, buff, saccharoidal; 3 samples at 1,160, 1,170 and 1,180 
inimestone, Maznesian; some quartz prains, at.-...-...-.-._-...-.-...---.-- 1,190 
Limestone, dolomitic, marly; 2 samples at 1,200 and_-_-----_-------__~-- 1,210 
oo. SiR CE aga aga) a Oe ee er ee ee a ee ee ere 1,220 
mimestone, dolomitic, marly; 2 samples at 1,240 and__....._...-.---.-.------~.-<-----<- 1,250 
ROTA ATO TILACCOUS, QU cee a on es oe at en ee ee ene en, 260 
Quartz, varicolored, chalcedonic, Gye Dae: 2 ey ee Se ee eee 1,280 
Clay, residual; a red ocherous substance, charged with white calcareous grains, at----| 1,282 
Sand, quartz, Varicolored, PN Rp eee ce ee ee ee as ee a eee 1,290 
Limestone, eystalline. purplish; some fiissile green shale, at2 ...---...-.-..---.____-_- 1,298 
; Limestone, nuit; eonsiderabioveneenushele @tes. n=. ooo 5 Ae degen aaa 1,805 
Dolomite, gray, fine, even-textured, brittle, reduced to fine sand by drill; 2 samples at 
1,315 oy ES ES RRS ERRES aa la l 1,825 
Ordovician: 


Maquoketa shale (105 feet thick; top, 195 feet below sea Tavares 
Shale, green, soit, plastic, only slightly calcareous, from 1,335 to_-.....=._.-._____ 1,38 
Shale, black, carbonaceous, Oi Se ee ee ee eee ee eee 1,39: 
Shale, buff, magnesian, 2 samples at 1,405 and 1,48 
Galena dolomite and Platteville limestone (405 feet thick; top, 300 feet below sea 





level)— , 

RPIPS UDG RT SHlACOOUs mal mannan ae eee Nn oe ee ee | 1,440 

Limestone, gray, magnesian; 2 ea RTT UUs Den ear he Re oe | 1,480 

Limestone, ut UNC SAUCE il hy, (ee a ee ae ES ee eee 1,490 

Limestcne, gray, magnesian; 2 Nene ALA LU) fae A See Le, oe i oe eT 1,510 
3 Limestone, Ditt. smaenesieies tinely -Oranulany tic -see-0 oe 1,537 

Pesione siehtiy Cheriy-stroim i540 tO: oo 2sto. eee a oa he occa at eee 1,560 

Limestone, buff, magnesian, containing flakes of gray limestone and small cleay- 

Bee Mates of eypsum: 3 samples: at 1,580, 1,500 and.—2-2.-=.---_-__--s.<_-_-._--..-- 1,600 
eave: DIOWlish yevow nally, (Atesonococtee ces eel ee 1,610 
Dolomite, becoming progressively lighter colored; 2 samples at 1,620 and___.._--._.___!| 1,630 
TEPER OO OLEL Lot. 1 dae renee ree ee aS 8 ee ee 1,640 
RS ECLICCmBTICCIIST O101 2 Landy Ue ee ae nee oe oe ra een oaneecnouecwi eae 1,650 
Peete Ute RANIDIGN stil, Olt) BIO nwac see cate Rose ee eS 1,€80 
ereRSETIRC OL MBTLS Vit Sb eons eaten tet at ie nee es ee ee See ek dot eek ete 1,690 
molomite;;blnish gray, marily, ‘argillaceous; atcu.-.— =~ .-2.- +. --- 1,700 
Dolomite, buff; 3 samples, at. 1,710, °1,720 and --...-...._..4..._-..-. wal “1,780 
Clay, residual, with some fine- -grained “quartz sand, at aoee Le40 
Shale, greenish RU Boe Ou eee ae eee ee ye Pe Se ee ae 1,750 
Dolomite, YOM S Ticoe 2 tee ee eee ee eee eres nin et eek Ae oe ee eo 1,760 
Shale, greenish QTAY WithvouloniteranG, (teen. eo oe See ee 1,770 
Ses IM POSE GCE D? LTO Willy tit ba ae gen oe ee Los ee Se ae be ee ses 1,780 
Dolomite, color changes gradually from buff to greenish gray and texture be- 

r SRrHESe aA y.< “fT OGL. (One emer ae ee ene 1,810 
' Pe Ta Sg a gee CR es eS UT Pe So a ee ee ee eee 1,830 
Me TOCTIA ONCHICATCOUS ca tier ce ne SS et 8 ee ee ie 2 ee dela 1,835 

RIO OMIVINIIS Leah) woe a ee eee ee ae te ee Se eee enema ee 1,840 

Saint Peter sandstone (55 feet thick; top, 705 feet below sea level)— 

panustone, cleary white, grains ‘well rounded, ats.2--=2-=---=2.-2_- 22-122 seen ane k 1,845 

Brmio wp Teen> Sinell, AMOuntlOl SANG WA bee see. enc ie omen e ae nae tebe 1,850 

Brminre nr enaccOus;:. 42s ailiples Abi SCOUANO- 2 coUsoe 22 eee nS Sho sees. 1,870 


Sandstone, clear white, even-grained quartz sand; 3 samples, at 1,880, 1,890 and__ 1,895 
Prairie du Chien stage— 








MIP MRT CUOCCOUS, “Gb, ).ee = oo eee eee eh nn Be ee eee See eae dolotedstee 1,900 
Deimiibes STAY. DNC;ONalTtZ, SANG Nab to anne s ease keer anc are bemad oe cams ee enn and 1,910 
peta CE ae SE CONIBT © EY Bh Vig RUE LY nO ete cere eta ee eo See es ee eee eo 1,915 
Dolomite, gray; with quartz; sand finer and much more angular than that at 1,880 

feet; 2 ‘samples, Bibel OSC Art ee a Meee ies Sea ee ee ee Se se 1,950 
Dolomite, cream-colored, slightly shaly, at 1,955 
MITC TAY | SURLY, 6 8b mu ceeen paneer ence ete oe oe ee ne nes eee eeneae 1,975 
Shale, red, MONCHICETCOURS* 8b) ee oe en ee ee ee NE cee 2,075 
Shale, buff, hirhly. calcareous; slightly arenaceous; ats — =.=. 520.545.---..--- = 2,165 
Shale, green: 2 samples, at 2,200, hiVs | Sa ae ee ee ee 2,250 
omlomlati Dime, 80d) Tanti Let. STAY , BU ane we 2,310 
52 
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Record of strata in well No. 1 at Boone—Concluded 











Cambrian: 
Jordan sandstone— 


Sandstone, highly calcareous, buff, fine-grained; 2 samples at 2,510 and_-_-___-____ 


Saint Lawrence formation and "earlier Cambrian strata— 


Shale, yellowish green, highly calcareous, at----.+--.._.-.-....-25...eseeeeeeeeeeee 
Sandstone, yellowish, fine-grained, mostly subangular or rounded; many angular 

eraing, at _- nn neko ancien oe San eon enon ae ss omne See ene 
Sandstone, light buff; grains fine, mostly angular; 2 samples at 2,640 and________- 
Sandstone, brown, calciferous, fine- grained, at 2. ...5-.=....-— 
Alternating bands of shale, red marl, and soft red sandstone, without limestone; 

from (2,700: to. 22 c 2a a er 





City well No. 2 has a depth of 2,914 feet and a diameter of 16 


inches to 195 feet, 12 inches to 294 feet, 10 inches to 500 feet, 
614, inches to 1,973 feet, below this not reported. The curb is 
1,140 feet above sea-level; water at 195 feet rose to 35 feet 
below the curb; water at 1,870 to 1,885 feet rose to 100 feet 
below the curb; the largest yield came from 2,846 to 2,900 feet. 
The capacity of the pumping apparatus is 70 to 80 gallons a 
minute. Temperature, 62° F. The cost, including casing, 
$15,000. The well was drilled by J. P. Miller & Co., of Chicago. 

Both deep wells were abandoned in 1906 in favor of supply 
from shallower wells. 


Driller’s log of deep well No. 2 at Boone. 


Depth 

in feet 
Sol] | s2-2s02- 4 sos ee a ee eS 0-4 
Clay,> Dlute ' 22. -2te. an ao ks Se ae te ao ee ee 13-45 
Sand;. with. waters... 22204... 2a eee 60 
S@a mW 2S se a he ow es re a 86 
Clay | aip2s055226 0 Se cek haha ee ee ab ene es ee eee 98 
Sand; with ‘water :i222.23.22 eee eee 185-195 
Chay: | ocd re a a i 230 
Stone, Heht), blW@iicecsin nous soc naan ee aces ane 355 
Shalé, . black. ‘2.2 2ceces. cn eee hed San wk SO ee ee ee 370 
Sandstome ~s22se52esseks ose ee ee 4380 
Gravel and - slates ais. 02 os5 aden aaa eee ae ee a 450 
Fire, clay \\.2-s--2.6.-scese ot 25. sean sees eee ee oe ee ee 457 
Hard rock, @asss.. 25-2225) 3 ee. eee bos ee ee 471 
Limestone: = 4222 -.82<cin6 ss sabes dese 5 Ste mak Fon ee ei ee ee 520 
Soapstone 2)! sono en ecto a ea eee er re 610 
Gelmest One; enn ss aH ss Ss a ak arene ee ree 642 
Stone, red, Ward ssescccsc 2scn sos eae gee es re ee . 1,282 
Marl, red, sticky ----------------------------------------------------------- 1,290 
Hard limestone \sssae sate So See i ee a re eel 1,315 
Shale, blue. 2-o2.-~ eee so seen eee ae ee ee a ee 1,335, 1, 435 
iimestOmeé:cdatecesasacn ces sen saa nee eee neon ee ee ee eee ee 1,735 


was 
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Rock, light brown Be ee oe ak Se eR EL i 1, 752-1, 800 
Satie YSN DIES Sa beth Ree eee Eee ice tie: eee a ee eng 1, 840-1, 868 
Sandstone; well tested; amount of water small-__----------_--__- 1, 870-1, 895 
DENT Re CRIN CS LOD Gas == eenc 6 oe ee ee eee aoe eos eenmn 1, 900-1, 975 
ETN epee i ae RS SEE a OSes ED Rae eee eee nee 2, 075 
SO SES EO) Co ne ec a ae aes Oe ee Ee ie nem ee 2,140 
RU ne hae eles eR a A el ae de chile oc 2,190 
SST), Ses SE aioe ee Soe ne Ed Lee en eee ae See =e een 2, 200 
1 IES CONS CHG OR CPSIL a 2 peated tele oc Cy eal ee i ee eee 2,360, 2,650, 2,800 
MUR IETO LC ade. ccs oo eee ie Sei is at ten She aco ew ses coy 2, 815-2, 835 
PSO TG) 2 Wiel COL. DOATIIG pops comewska once jae ee A oe 2, 846-2,900 
ewe LU eS. tattle MS TLC WSs ook ano Se ga sok oe 2,914 


Record of strata (below 2,009 feet) in well No. 2 at Boone. 
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PEPUTBCMODUY .-1mICl, QUATEZ SANG, Ota sas -o- kee Ao ek oie ace ene oecdecdeekoce 
Dolomite, highly arenaceous, or sandstone, calciferous, at 
Sandstone, brown; grains imperfectly rounded, at 
Dolomite, arenacecous; 2 samples at 2,070 and 
Dn meenTen Aces InCh siajen wee. 8) 62 fo eat Se a a eesk 
Shale, buff, highly calcareous, slightly sandy, at 
REEMOTeENECCOUSs. NUCH SHHlOs Re sees. eee ae Co ee ee de 
Marl, drab, calcareous, argillaceous, and minutely arenaceous and cherty, at 
Dolomite; with shale and sand; 2 samples at 2,218 and 
TS Ee SR ES Ee ee a ee eee 
Dolomite, PTV eALOn ACCOUS f be eteee tee oe Cede ps gee be enh ent eenceecud eee 
Marl, drab, calcareous, argillaceous, minutely arenaceous and cherty, at----------__------ 
IEC RICITCLOUS (BGS 5. te ree ec ec geet oe ee on ee ie in ee ee 
PEA HIG HOG ITIAT).. HONt erave Ob 22 s6< 25 oc ee ocak one ene ctenewe ene cc ce awccse 
Marl, greenish yellow and blue; 4 samples, at 2,315, 2,360, 2,365 and______----___-_--_----__- 
Sandstone, fine-grained; calcareous cement; glauconiferous; much argillaceous material; 
IRE Mr a Tae Cee ote ATIC 2 oe See en ee nk ee a a a ee ee ee 
Sandstone; rounded grains; highly argillaceous; green fissile shale, at_----__---__----_----__- 
Sandstone of minute angular grains held in caleareous cement, with some greenish crypto- 
BEM ETUDR INCAS APHINRCOOUS) Who ae o1 cet cena conc Se nt nn bo cae ns cb ascent connec encase acca 
Sandstone; fine rounded grains, calcareous cement, glauconiferous; considerable green shale 
HERR ESS ater SR i St i Aa ico a Seni ee pe ee fe os nee Oe 9 
Shale, hard, slate-colored; in chips; greenish yellow marl in concreted powder,at____--_-_-__ 
Sandstone, buff, caleiferous; disintegrating under acid into fine angular particles; much 
hard green laminated Blinle sen Urmeerdae eee ee ee Ee eo ele aches 
Dolomite, glauconiferous; much PPE Ta yan ke nS a RE Ee a. a Ne pee eee oe 
Sandstone, greenish, hard, fine- grained, calciferous, highly glauconiferous; in laminated 
chips; also chips of siliceous gray dolomite and much hard green shale, at___-----------_- 
Shale, slate-colored, hard; in chips; much greenish argillo-caleareous and microscopically 
quartzose powder, en eee epee es ee ee ea eee 
Marl, light green-gray, quartzose; constituents microscopic; slightly glauconiferous; 2 
samples, BERG OU ANCE oe oa eee eed ea Be eee Baca ne pacnamaune sen amatsaeame 
Deamise,, arenaceous. glauconiferous; much shale, at_..._....._......_..-.-..--._--.-.....- 
Dolomite: as above; in buff meal; marl in green-gray concreted powder, at 
ESR UNED 5 IY SSPE eS Ns eo LO age ao en een ana ee See ee ee meee 
Marl, green-gray, glauconiferous, and dark slaty shale, at 
Marl, green-gray, glauconiferous, chef ec Get eee en SS ee ee eee 
Sandstone, buff; clean quartz grains, imperfectly "rounded, very diverse in size, the largest 
reaching or exceeding Tb reulimeterste water Dearing, wAb case nnue coer ee oe eS 
Sandstone; as above, but coarser; many grains reaching or exceeding 1.5 millimeters, at 
Sandstone; as above, but somewhat finer grained than at 2,846 feet, at 
Sandstone: at above; SrSamplesnedn ec Owe iny Ail tere pee en eS 
Shale, light drab, slightly calcareous; drillings highly, arenaceous,, ati 2-2... 0 2. ok 
Shale or marl; in concreted powder, highly arenaceous; and hard, drab laminated shale, at 
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Driller’s log of well at Boone. 

















Thickness.) Depth. 
Feet Feet 

Soll,. black; <and yellow velay_ =... 22 eee eee 20 20 
Olay; blué; .and'pebbies’ .2 3. =. 2 ee eee 28 48 
Sand, whiteand water... ....2 2. Jc. ee eee 67 115 
Sand (cleaner and coarser than above) and water --.---------.---------------_--- 10 125 
Gravel and watery... nan ee ie ee ee ee 18 143 
Olay, blue,;vand: pebbles {2222-2 52-s2 io Soe et ea ee 67 210 
Olay, grayjvhard. 222-3222. a re ee ee 20 230 
Sand and Woenite :...-. 2a a ee ee re a ee ee 50 280 
Shale: Gray Sanne cn am es a rr ae 10 290 
Shale; biae@ki <2 i. n-ne cana ease festa comets isa prereset 5 295 
Shale, bluish black -=--.-.-..----.<...-- —---=--— -- ——- 5 5 5 5 = nen 2 297 





Madrid.—Madrid (population, 1,191) pumps its water from 
a well 100 feet deep by a double-action electric motor. The sup- 
ply is furnished by gravity, with a domestic pressure of 42 
pounds; the fire pressure is greater. The town has 114 miles 
of mains, supplying 17 fire hydrants and 10 taps to 70 people. 
The water is plentiful, but fairly hard. 


Driller’s log, Madrid well. 














| Thickness.| Depth. 





Feet Feet 
16 


Soil; Diack and yellow’ clay 2s... 2 ee ee 16 
Olay: blue: 22.2552 Rn a ae ee 54 70 
Olay, yellow,. and ‘sand? “water. <2 le oa eee ee 24 94 
Olay, dark, hard” (hardpan) 222222 202 a a ee ae 4 98 
Gravel and water; Nght clay or shale.2..2- 22S ee ee eee 2 | 100 





Ogden.—The town of Ogden (population, 1,298) draws its 
supply from a well 2,507 feet deep by steam pump and force 
pump combined. The water is distributed by gravity, with do- 
mestic pressure of 42 pounds and fire pressure of 42+ pounds. 
There are four-fifths mile of mains, 10 fire hydrants, and 26 
taps. All business houses and four residences use the water, 
consuming 7,750 gallons daily. The supply is plentiful, but hard. 


The city well (Pl. XI, p. 458) is 2,507 feet deep and 10 to 3 
inches in diameter. The original head was 125 feet below curb. 
The head in 1905 was 140 feet below curb. The capacity is 26 
gallons a minute, the water coming from 110, 1,650, and 1,820 
to 1,851 feet. Date of completion, 1897. Drillers, J. P. Miller 
& Company, of Chicago. 
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Record of ‘strata in city well at Odgen. 


(Based on driller’s log.) 











Pleistocene: 
ees A Sa a IE aS pk UE a eS 
Sand 
Carboniferous: 
Pennsylvanian— 
Des Moines stage (top, 1,029 feet above sea level)— 


ne a a no a en oe on = oe rn ee ee re ee ee ee ee= 


Bueles with coal at 190 and'.200' feets-2 2a 2 a Ss 
Mississippian— 
Saint Louis limestone and Osage stage (top, 684 feet above sea level)— 
PEEEIE SE CONT CA Bete coer a nee ee ne da ae Le eee ee ed ae 
Kinderhook stage (top, 539 feet above sea level)__--_-_-_-__.-____________ 2 
oo (Mississippian?), Devonian and Silurian (top, 444 feet above sea 
level): 
REO te as pace esbesutaeras cna cos Uda lcacsmeda ona ne ae sate admin nere dace 
Ordovician: 
Maquoketa shale (top, 171 feet below sea level)— 

BEING SEO “WAT. 62 Scan ee ean ena eeennuranens cas 
Galena dolomite (top, 226 feet below sea level)_---__--------.-----._.-.-..._ 
Platteville limestone (top, 666. feet below sea level)_.--_-.----------------- 
Saint Peter sandstone (top, 726 feet below,sea level)_..--.----------_---__.- 
Prairie du Chien stage (649 feet thick; top, 757 feet below sea level)— 

OB RORG oo leer at ke coma este exacae ae paceman eter ean aacace Gone raswmn onus 

PGPeEOnGe ANC. SNRIG 0 oon asroctatotpertast ws odstcndes aanaowcseedopieeanants 

PeETOND ARNG  SANUs52 eee sere ane oH ae eet ena heen aco terete 


| Thickness. 


Feet 
50 
15 


345 
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Depth. 


Feet 
50 
65 


410 


It is also noted that the ‘‘lime rock had mud veins in it from 
650 to 1,265 feet and was the same from 1,320 to 1,760 feet.’’ 
““The rock caves more or less down to the top of the sand rock 
about 1,820 feet; from that down to 2,460 feet (depth when 


noted) the rock stands up.”’ 


WELL DATA. 


The following table gives data of typical wells in Boone 




















county. 
Typical wells of Boone County. 
° 2 
= 5 a 
bes 3 ° pa 2 = R ks: (1 i 
4 g ox = emarks: (logs given 
se Owner Location 4 fei 3 2 Lae in feat) 
g = S 35 SHS 
o ro) on ;o9oo 
A fa a D f 
ri Feet | Feet Feet 
Pepsi Mier. —...... 8 miles south, 4 miles} 102 (?) |Shale (?) --|— 45 |Bored well 
J east, Ogden. 
2/J. Phralin 12bae ee, Sand. 30 |Flowing well. No rock. 
3] J. Wilson 205 |190(?)|Sandstone_|— 30 |Bored and drilled. 
eCity —-..-.-. 297 | 280 |Shale (?) -.|— 55 |Steam air lift used. 
5 |G. Tifler do 75 |----..|Gravel._.._ 8 |Bored well. No rock. 
6 | Charles Pileher__|3: miles northwest,| 871 |------/Sandstone_|—140 
’ oone. 
7 | Dodge COoopera-|33 miles southwest, 101) See Gravel]__-__|— 40 |Pumped by steam for 
Mackey. creamery uses. 











tive Creamery. 


822 UNDERGROUND WATER RESOURCES OF IOWA 


Typical wells of Boone Cownty—Continued 








Remarks: (logs given 


Owner Location in feet) 


Number 

Depth to rock 

Source of 
supply 

Head above 
or below 
eurb 





; Feet | Feet Feet 
W. Abraham_---|5 miles southeast, US Meee, Hand oo..= 25 |Black soil, 5; yellow 
Luther. clay and blue clay, 
85; “sea-mud,” s0- 
called, 10; blue clay, 
10; sandy layer and 
| water (weak flow), 
1; blue clay and 
“sea-mud,” sand 
and water (flow) and 
fossil wood and gas, 
47. No rock. 

9|}G. B. Abraham.|3 miles southeast, 1004) .--- dO .-..; — 4 | formerly flowed +6 
Luther. feet. Black soil, 3; 
yellow clay, 12; blue 
clay, 45; sand (gray) 
| and water, 1; blue 
clay, 15; soft blue 
clay or “sea-mud,” 
| 83; green sand and 
: ' water, 1. No rock. 
30.) Tow. 222-2 Madrid <2) 35-6. 2 1004) 100 (Graveloere — 36 |Bored well. 

11 | Blake farm ----_|3 mile south of Angus!) 62 |.----_ _--- do ----|— 20 |Bored well. No rock. 
123) Bie Ballo Near Napier ..-------- SID |e eel SSN Soe — 80 |Black soil and yellow 
clay, 20; blue clay,60; 
yellow clay, 20; blue 
clay (hard and dark), 
| 111; sand and water, 
4. No rock. 

IZA ast NOS See 7 eI northwest 335).s2.—-_|Gravel__--- —118 |Bored well. No rock. 
Madrid. 


bes) 





























DALLAS COUNTY 





BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


Dallas county is just south and west of the center of the state. 
Along its south margin, principally south of Middle Raccoon 
river, the old loess-covered Kansan drift at the surface has been 
so profoundly eroded that the topography is rugged; but the 
rest of the county, including much the greater part of the total 
area, is covered with Wisconsin drift so recently deposited and 
so slightly eroded that it forms a typical youthful drift plain, 
with gently undulating topography and numerous undrained 
tracts. The entire drift mantle probably averages rather less 
than 100 feet in thickness and in certain localities is much thin- 
ner. Although the Wisconsin drift is superimposed upon the 
Kansan, it does not seem to increase the total depth to bedrock, 
probably because of the abrasion of a part of the Kansan drift 


> 
“ae 
* 
, 
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by the Wisconsin ice sheet. Over extensive areas, especially in 
the northwestern part of the county, a layer of gravel lies be- 
tween the drift and the bedrock. Thick accumulations of alluvial 
and outwash materials are found along the principal water- 
courses, not only below the flood plain levels but also underlying 
the terraces which border the valleys. 

The rocks lying below the drift and outcropping at many 
points in the southern part of the county belong to the Des 
Moines stage of the Pennsylvanian and consist of several hun- 
dred feet of alternating beds of shale, sandstone and coal. (See 
Pl. XVI, p. 814.) In Dallas county the predominant rock is shale, 
but sandstone seems to be more abundant than is usual for this 
series. If traced laterally the sandstone strata show rapid 
changes in thickness and porosity. 

The approximate section shown by a well in the valley of 
South Raccoon river, on the farm of Calvin Marshall in the 
SE. 4 sec. 7, T. 78 N., R. 29 W., is reported by A. G. Leonard’ 














as follows: 
Section of the Marshall flowing well. 
Thickness. | Depth. 
Pennsylvanian: Feet Feet 
EET OR UN ATI | DUO! oo ncnte aoe ne alae peas ek oe aamacdese aotaewe Sowennecemaceas 65 
0 Te SEs Se a a RS Be a a eee eed ee eee Oe ee ees ee eee 6 71 
BREET TAL aCe;,  DILUIUNNOUS. . canes ce coee ete eaae scecosean snare ceren—naawoanine 2c0 271 
SST ISL. SSS) RICH ER Se ES eS Sa a ee eee 20 291 
Mississippian: 
Cpe Sa cehet emg Wie EO SS ee ee 8 299 











UNDERGROUND WATER. 
SOURCES. 

In both the Wisconsin and the Kansan drift areas most of the 
wells are dug or bored and depend on seepage from the more 
or less porous seams in the drift. The wells in the Wisconsin 
area ordinarily yield the larger and more permanent supplies. 

In much of the Wisconsin area the gravel at the base of the 
drift will furnish large amounts of water to drilled wells; and 
other beds of sand and gravel at different levels in the drift 
will also yield generously to drilled wells; but in some localities 
the drill passes into the bedrock before water in sufficient quan- 
tities is found. In the Kansan area drilled wells are much less 
- 1tGeology of Dallas County: Ann. Rept. Iowa Geol. Survey, vol. 8, 1898, p. 75. 
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successful, chiefly because of the radical difference in the head 
of the water, which results directly from the difference in the 
topography. In the Wisconsin area the surface is so nearly 
level and the drainage so imperfect that practically all porous 
deposits are saturated, and the water in the deeper beds is 
under sufficient pressure to rush forcibly into the wells that ~ 
penetrate them and rise nearly or quite to the surface. In the 
Kansan area, on the other hand, the drift is deeply dissected 
and the porous deposits are either drained completely or their 
water is under such slight pressure that it will flow only slug- 
gishly into wells. In accordance with this general difference, 
flowing wells are found in a number of low-lying tracts in the 
Wisconsin area and springs are plentiful in the valleys of the 
Kansan area. . 

The Pennsylvanian sandstone strata are water bearing and 
furnish the supply for a number of wells within this county. 
They are, however, so inconstant in character that drilling into 
bedrock always involves some uncertainty. The Marshall well 
(p. 823) was drilled in 1879 and has overflowed ever since. The 
water comes from the sandstone at the bottom, and the natural 
flow at the time it was visited was about 3 gallons a minute. 
The diameter of the well is 114 inches. The flowing well in the 
valley at Redfield (p. 825) was carried to a total depth of 1,384 
feet, but it is reported that the first flow was struck at the depth 
of 280 feet. In the wells located on higher ground the water 
does not rise to the surface, but it is generally under better head 
in the Wisconsin than in the Kansan area. In the former area 
it is not unusual for drilled wells to get their supplies from 
sandstone that hes a short distance below the bottom of the 
drift. 

Two-inch sand wells require screens, which give trouble by 
becoming incrusted, but most wells of larger diameter, if not 
pumped rapidly, can be finished without screens and are more 
satisfactory- (p. 222). 

The drift water and some of the water from near the top of 
the Pennsylvanian is only moderately rich in calcium, mag- 
nesium, and the carbonates and does not generally contain 
large amounts of sulphates, but the water from the lower part 





.* 
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of the Pennsylvanian, here as elsewhere in the state, is rich in 
sodium and the sulphates. 


Water may be found below the Coal Measures in the Missis- 
sippian limestones, but in no large amount and perhaps of poor 
quality, although with good head. 

As Dallas county lies in the trough of the Paleozoic strata the 
depth to the Ordovician and Cambrian water beds is probably 
too deep for profitable drilling. At Adel the Saint Peter sand- 
stone need not be expected at less than 2,000 feet below the sur- 
face (1,100 feet below sea level) and the yield from it will hardly 
be enough for city supply. The water horizons below the Saint 
Peter are uncertain, but within 500 or 600 feet below the Saint 
Peter the supply should be largely augmented. 

A drill hole made at Redfield, in search for oil or gas, is of 
special interest, as it shows the position of several water beds. 
The water, which is highly chalybeate, runs unused into Middle 
Raccoon river. The elevation of the curb is about 900 feet above 
sea level. 

Record of strata in prospect hole at Redfield. 


(Based on driller’s log.) 




























Thickness.| Depth. 
Feet Feet 
Quaternary: 
(in TRESS DP ee ST gs Salo ans OE A Se eee ee ee eee 18 | 18 
oo. ln SC Eee ears eS ee eres ee ee eae 15 33 
Pennsylvanian: 
SS Ll EES eS ae eee yg SNe Eas 8a ee ee 37 | 70 
Soapstone or fire clay; red between 85 and 105 feet__.-.2.-_--_.---__--__----| 75 | 145 
Se RE gor ee PS ano Oe a eo a ae ee 20 | 165 
ea «ER Pe Be OS Se STA aE IEE ee eee a oe 3 168 
Coal, 18 inches; also 27 feet of sandstone, limestone, and cave rock------.. 28 196 
Mississippian, Devonian and Silurian: 
Sie ee AR Di aR eR dep Nao. std Se 2 ae See A eee es a ae! 7 | 203 
ita “a a oS ee eee ee ee eee 3 206 
EMER E RE CTIG aes ks SO Le tren peer te eS Oe ee oes 28 | 234 
Sand and lime streaks, bearing mineral water___-_-.......-.---.---1-------- 19 253 
Sand rock; bearing water, which comes to the surface 40 293 
Limestone 40 833 
No record 9 842 
Limestone, 20 | 363 
’ Limestone’ ee ene aS ST ee eet oe ee 2 EN 10 878 
REE CORT OCICS 5 oe See sn ee en ct eweccunuacneearomes nou 15 | 388 
DUT hic WH LCT ae < cn  S eee e e ee es 10 398 
EC MELLEIOR CO DO yo oo Sao ee oe ee we ree ea oe eee oe eet 27 | 425 
SemeeEerii ee LTACOS OL SBNC=<s2~ cosas at eae ele wreseea on aeee eee ote 13 | 438 
nT ae DEATING. WtOl.-2.- 22. e-ce sone cane eee seem weia Sen ead aera see 12 | 450 
Buncmenard’s chancing to limestone. ———-s.< 5 an aoa ei cece necdeoene 13 463 
San cepa eee se. a8 Se TE OE ed Se ee Sle ee wean nabpeacn 25 488 
Sand; bearing heavy pressure of mineral water------------.-.-----------.... 10 498 
DEMIR ATION ALO | o-2. enn et ee ete ee ee ee 2 ee 30 528 
ag a ne So SIRI, ai ee Ree ae erie ey ay aie be iene anee ae 30 558 
Limestone —.--..--. eae Say Ce cas Sey Pap ee BUS eo oe a 50 608 
Rock, hard; breaking ‘into CN ED SEE EEL LEER RE : 8 616 
imeuceroeks bearing strong .water_.--.- 2-4 .- -=62 2 ec 14 6380 


_ § ie pwd ba A i. 
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Record in strata in prospect hole at Redjsield—Continued. 






































Thickness.| Depth. 
Feet Peet 

NO “TeCOrd os. ino re ee 25 655 
Slate, Vight 22.20.02 ee ee ee ee ee ee 10 665 
Limestone sei 32... ss cck ck Se ee eee 43 708 
OAV iTOGK 282 Se eee 20 728 
Limestone and water sand_____-_- 49 768 
Harddrilling <2 3). 3.0 eee Bt) 788 
Hasy limestone: 22.2 2u2cc ee 8 £01 
Brittle limestone. cc ee ee ee, 22 823 
reces“On iOll ToGK 2 ue Seen eee eee eee cio JS ee ee eae Q7 850 
Close and hard 10 840 
Very hard, gray marble 8 868 
Close sand; bears water. 15 883 
Glose! lime, 22. 2.5 Sa ee ee ie ee a eee 22 905 
Ward stone on cse se eee Shae Se es oe ee 3? 937 
Hard limestone 23 960 
Water. sand. 2.5 (2-23e5 ere ee ne Pee oe ree eee 48 1,008 
Lime, rock -ncoc cp dessee oe sents dae ee ee ae ee 17 1,025 
Dark Vie |. 22224 sot Se a ee ee ee 12 1,037 
Light. lime oio2ec22 822 ee ee eee 12 1,051 
Traces of sand: and “wateri. too eee 5 1,056 
Drilled. hard: (i .0- ee eeeeee 20) See eee 8 1,064 
Limestone: 2.460 Cab lete Be eh ee ee ee ee eee 18 1,082 
Pronounced asphaltum : 11 1,093 
Sand frock iecio) £51 eh eee 1 1,100 
Limestone. 22sec assoc ee oe ee ees Lt ee ee 8 1,108 
Lime; dark oe Se ae ee ee eee eet. 20 1,128 
Lime, white Wa22-<222ct on oe a 23 1,05) 
Lime, @ark) 2. be io ewet 2 os eg ore he a 17 1,168 
Lime, soft, variegated ..2*. 2. 2 eee eee 65 1,233 
Radical change “in” liwies.2 222s. so ee 10 1,248 
— (?) water : 15 1, 258 
TAmestone © 2.22220. 223k ae ee ee ee 19 U;277 
Water sand ..~.2.4.24.Se Se ee ee ee ee af) 1,290 
NO) .reCOTd .- <.-- 22 eo ne ee ses ee a 12 1,302 
Very ‘fine: water sand..23_..-- 22.2 $ ck eee eee ee eee 31 1,313 + 
Sandstone 2... 22-2 a ae en ee i 1,320 
Sandstone’ <..-2.---i2.- 22245 oe ee j2 1,832 
Sandstone 2.5205... eek ee he a eee s 9 1,341 
Ntanes hard. \5 J). 2.5 32st 4 Se ea ee ee 9 1,350 
Traces of lime and sand; water broke in 5 1,355 
ROCK; 16d Wesna ee eee A eres a 14 1,369 
Rock,. red, softer; at 1,876 feet. water. broke ‘in. -=2 Sa ee 15 1,384 





CITY AND VILLAGE SUPPLIES. 


Perry—tThe public supply for Perry (population, 4,630) is 
drawn from seven wells, of which three are reported to be four 
inches in diameter and 110 feet deep, one seven inches in diame- 
ter and 117 feet deep, and three 10 inches in diameter and 117 
feet deep. They pass through 11 feet of sand and gravel and then 
through blue clay to a total depth of 84 feet, below which they 
penetrate a 45-foot bed of gravel that rests upon sandstone. 


In making the wells, rocks as large as four inches in diam- 
eter were brought up—some glaciated, others consisting of soft 
brown sandstone obviously of local origin. All the wells are 
finished with screens except one which ends with perforated 
easing. At first they overflowed, but now the water level is 
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said to be 34 feet below the surface. By the application of an 
air lift they together discharge 2,000 gallons a minute into an 
underground reservoir, from which the water is lifted into a 
standpipe by means of duplex pumps. The system includes 
about 11 miles of mains, 80 fire hyrdants, and 835 taps. The 
analyses given in the table (p. 190) show that the water is only 
moderately hard and is not otherwise heavily mineralized. It 
is used for domestic purposes by nearly the entire population, 
- and is also utilized extensively in locomotive and stationary 
boilers. It is estimated that altogether an average of about 
750,000 gallons is consumed daily. 

The Chicago, Milwaukee & St. Paul Railway has five six- 
inch wells similar to those that furnish the public supply, and 
the Van Camp Milk Condensing Company has two wells of the 
same type, one six inches and one ten inches in diameter. In 
all these wells air lifts are used. 





GREENE COUNTY 


BY W. J. MILLER AND W. H. NORTON. 





TOPOGRAPHY AND GEOLOGY. * 


The general flatness of surface so characteristic of all areas 
covered by the Wisconsin drift is in Greene county consider- 
ably modified by the broad valleys, with long gentle slopes to 
the stream bottoms, cut and occupied by North Raccoon river 
and its few branches, which flow in a general southeasterly direc- 
tion across the county. 

Earlier drift than the Wisconsin is found over the entire 
county, but the combined thickness of these deposits is in most 
places less than 200 feet. 

In the western part of the county rocks of Cretaceous age, 
here very thin, immediately underlie the drift; in the eastern 
part the underlying rocks belong to the Des Moines stage of 
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the Pennsylvanian series. From Jefferson a tongue of the Des 
Moines, without Cretaceous above it, extends some distance up 
North Raccoon river. (See Pl. XI, p. 458.) So far as known 
none of the formations show any great departure from horizon- 
tality. 
UNDERGROUND WATER. 
SOURCES. 


Nearly all of the water used in Greene county is derived from 
wells in the drift. Most of these wells strike the important 
water-bearing sandstone or gravel stratum beneath the Wiscon- 
sin drift, and therefore the depth to this aquifer varies a good 
deal over the county, well records showing differences of 20 to 
150 feet or more. The greatest depths, as a rule, are found in the 
western part of the county. Water from this bed is very satis- 
factory and is practically unaffected by the weather. 

Another important aquifer lies beneath the blue clay of the 
Kansan drift at depths ranging from 72 to 270 feet, the great- 
est depth being in the western part of the county. Although this 
is the most important and persistent water bed in the drift com- 
paratively few wells are deep enough to reach it. As the Wiscon- 
sin and Kansan drift sheets are not always clearly separable 
in a single section, it is sometimes difficult to tell with which one 
is dealing. 

Sand or gravel beds of consderable thickness are found locally 
within the Wisconsin or Kansan drift sheets, and a good many 
wells undoubtedly get their water supply from such deposits. 


ARTESIAN BASINS. 


In several places in the county wells in the drift yield flowing 
water. One of these local artesian basins is in the southwestern 
part along the Willow creek bottom, where flows are easily ob- 
tained by wells ranging in depth from 26 to 100 feet or more. 
The water probably comes from gravel beneath the Wisconsin 
drift. 


Another basin is in the vicinity of Jefferson, where a number 
of wells along North Raccoon river and Hardin creek bottoms 
yield flowing water. The aquifer from which the water comes 
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has not been definitely determined, but it is probably the gravel 
beneath the Wisconsin drift at depths of 100 to 125 feet; west 
of Jefferson at least one well, 270 feet deep, derives flowing 
water from gravel beneath the Kansan drift. 

A third important basin lies along the principal stream bot- 
toms in the northeastern part of the county. Good well re- 
cords are not available to show the source of the water, but in 
some places, as in the vicinity of Grand Junction, the water 
seems to come from the base of the Kansan drift. In other 
places the wells are much shallower, and the water horizon 
appears to be at the base of the Wisconsin drift. 

A number of deeper wells have penetrated the drift and have 
gone into the Des Moines stage, obtaining water chiefly in sand- 
stones. The deepest well (2,026 feet) in this county, that at 
Jefferson, derives its supply from Cambrian sandstone. 


SPRINGS. 


Springs of small size drawing water from the drift deposits 
are rather common along the main stream: courses. 


CITY AND VILLAGE SUPPLIES. 


Jefferson.—The city well (Pl. XI, p. 458) at Jefferson (popu- 
lation, 2,477) has a depth of 2,026 feet and a diameter of 8 
inches; cased to 1,400 feet. The curb is 1,110 feet above sea 
level, and the head 40 feet below curb. The capacity is 200 gal- 
lons a minute, the water coming from 1,400 feet. The well was 
completed in 1886 by J. P. Miller & Company, of Chicago. The 
water is pumped by compressed air to a reservoir, from which 
it is forced to an elevated tank. It is distributed by gravity 
pressure of 60 pounds through 314 miles of main to 22 fire 
hydrants and about 200 taps. About 1,200 persons use the sup- 
ply, and the daily consumption is 50,000 gallons. The water is 
hard but is otherwise good. 

The strata penetrated by this well are shown in the following 
record: « 

Record of strata in city well at Jefferson. 


Carboniferous: Depth 
Pennsylvanian— in feet. 
Sandstone, dark buff; moderately fine grains, imperfectly rounded-----. 260 


Bitiomdar ik, -UnetUOUS,  TNONCALCAT 60 U8 ac — 2 cane saris oon an see enncesenenansene=<= 270 
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Mississippian— 
Sandstone, argillaceous, slightly calcareous; grains of pure quartz, 
from fine to coarse and but little rounded by attrition__-__--_-_-___-_-_-_- 340 
Chert, gray; large to small grains of limpid quartz, probably from 
above, anda little white Ilimestone__2._2..2__. 2. eee 350 
Limestone, white, nonmagnesian; highly arenaceous, with minute 
quartzose particles and some rounded grains-___-_-- eee 355 
Limestone, dark ‘and light drab; hardl..220522) 22 2eee2 eee 525 
Shale, green-gray, pyritiferous, calcareous (Kinderhook)------_---__--- 700 
Devonian(?): 
Limestone, light buff, crystalline, pure == .-<-1-.--. 20222205 800 
Silurian and Galena (Ordovician): 
Limestone, magnesian; in white powder; pure-..0+-....--2o- as eee ee 1,000 
Limestone, magnesian, or dolomite; some shale in brown powder; residue 
cherty  <22255-.2-...-.-24~-22ebonnn Seah ee es ok 1,100 
Limestone, magnesian; brown: in fine sand; effervescence rather 
TEPIG) Sion nnssl cece Se ee ea ee 1,200, 1,300 
Limestone, magnesian, light blue-gray; luster earthy---------------------.-..- 1,350 
Dolomite, light buff; in fine sand; highly chert y_ 2222222222 so eee 1, 450 
Dolomite or magnesian limestone, brown, cherty; slow effervescence------. 1,500 
Ordovician: ; 
Platteville limestone— 
Shale, green, slightly calcareous__2---_ 2-26-22 2.2 Sl eee 1, 67¢ 
Saint Peter sandstone— 
Sandstone, fine, white, clean; rolled grains, 50 feet thick------------------ 1,700 
Prairie du Chien stage— 
- Dolomite: in fine sand deep brown; some chert... 22s oe 1,745 
Sandstone; in yellow powder and sand of angular particles of quartz 
with a few round grains..----- 2-2 222222282 eee 1,800, 1,880 


Scranton.—The water supply of Seranton (population, 845) 
is derived from a well somewhat over 200 feet deep. The water 
is pumped to an elevated tank from which it is distributed by 
gravity through about a mile of mains to five fire hydrants and 
45 taps. The domestic pressure is 50 pounds and the fire pres- 
sure 100 pounds. About 250 people use the supply, the daily 
consumption averaging 15,000 gallons. 
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WELL DATA. 











a 
n: formation concerning typical wells in Greene county is pre- 


Typical wells of Greene County. 


: 6 
S oe 
Fs Laie 
y : ° fey Remarks: 
Owner Location a 2 aE (Logs in feet) 
~~ col p>: cof) a 
5 sa | 88 
a n se) 
‘ Feet Feet 
SS ae |. piles west of Chur-| 190 |Sand --__--| —60 
e polis & St./Grand Junction --.| 3825 |Sandstone-| —13 |Engine supply. Black soil, 
Ry. yellow clay, blue clay, fire 
3 clay (white), shale (white), 
foot iron pyrites, 120; 
shale (dark) and black jack, 
30; coal, 13; fire clay, 64; 
sandstone and water at bot- 
; tom shale, 110. 
ur ...-...._..|6 miles south of Ral-| 26 |Sand _-_--. + 2 |Flowing well. 


: ston. 
im Anderson ---|6 miles southeast of) 192 Gravel.....| —80 
i Jefferson. ' 
tric Hod plant.__|Jefferson ---.-.----.| 134 [Sand —_____ —60 |Boiler use. 


ad .--------|1 mile west of Jeffer-; 270 |----do-_--| +3 |Black soil, 10; yellow clay, 15; 
.| son. sand and water, 15; clay 


(dark brown and tough), 
16; potter’s clay (white), 
2; blue clay, 100; sand 
- (hardened) and water, 50; 
sand, 52. 

LO a .|2 miles west of Paton| 159 |Sand and | —30 
oF gravel, 
wnsend ...-.----|5 miles east 2 miles} 146 |__.. do _-__| —13 
i. north of Churdan. 


mson ...------|2 miles north of Bay-| 127 |Sand --.--_| —30 |Black soil, 16; sand, 80; blue 





ard. clay, black ‘muck’? and 
' fossil wood, 16; sand and 
; i= water, 15. 
“MeCarthy etees 2 miles north of Jef-| 105 |Gravel and| +20 |Hard, iron bearing. 
ferson. sand. : 
of ~ Grana Grand Junetion_-..._| 75 |... do .-._| +25 |Publie well. 
iam Diamond 7 miles northwest of} 103 Sand —..-_- +4 
; Jefferson. 
nese a.-——————-- |* miles northeast of] 390 |Sandstone.| —49 
Grand Junction. 
Reidel ---------|1 mile south of | 160 /3and --.-..| 
Rippey 


+ SOS ee eee 
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GRUNDY COUNTY. 


BY W. J. MILLER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


Grundy county comprises an area of low, broad hills which 
give its surface a slightly undulating appearance. As a rule the 
hills are just high enough to cause the land to be fairly well 
drained. There are no large streams to produce noteworthy 
topographic irregularity. . 

Iowan drift deposits underlain by Kansan drift extend over 
the whole county. In some small areas loess may be present. 
Beneath the drift are sedimentary formations—limestones and 
shales—belonging to the Mississippian series (Lower Carbonif- 
erous). ‘These extend over the whole county except in the ex- 
treme northeast corner, where the drift rests on Devonian rocks ~ 
(Pl. VI, p. 310), and in the middle western portion, where it lies 
above shale and limestone of the Des Moines stage of the Penn- 
sylvanian series (Upper Carboniferous). 

The drift deposits are practically parallel to each other except 
for local thickening or thinning and there appears to be a gen- 
eral slight eastward dip of all. The underlying rock formations 
dip slightly westward. | 


UNDERGROUND WATERS. 


SOURCES. 


The most important aquifer in the drift is the sand or gravel 
bed at the bottom, which nearly everywhere yields a good supply 
of water. The depth to this aquifer ranges from 125 to 230 feet, 
according to the thickness of the drift sheets in different parts 
of the county. This aquifer is rarely lacking in Grundy county. 
Higher up and within the blue clay there are some local water- 
bearing sandy layers. In many localities, however, the water 
supply from these is small and may fail altogether after a 
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time. Surface wells in the drift fluctuate with the seasons and- 
very few farmers depend on them. 

In the rock formations below the drift water is obtained by 
the deeper wells, many of which have been sunk in recent years. 


SPRINGS. 


Springs of any considerable size are not known in the county. 
Those that do exist are merely seepage flows from the drift de- 
posits. 


} CITY AND VILLAGE SUPPLIES. 


Grundy Center.—The water supply of Grundy Center (popu- 
lation, 1,354) is obtained from a well 469 feet deep, drilled in 
1897 (?) by P. Pfiffner, of Traer. The well is eight to four 
inches in diameter and is cased to the bottom. The water level 
is 80 feet below the curb. 

The strata penetrated are indicated by the following log: 


Driller’s log of city well at Grundy Center. 











Thickness.| Depth. 





Pleistocene: Feet Feet 
on, GUNS Bich Se a OS SS ee a en ce ee 10 10 
Clay, blue, and some water-bearing sand__--.-.-.-.---------_-------------- 180 190 

Oarboniferous (Mississippian): 

Se MSEC ye Gaeta aa Sele a peas pe et a I ea aS RES a ae a 5 
SPEER OTC UW LOT cs do a aa ea te wee ea oe eee ne ee eae acon ecs 4 
Co Tesi) 8 = A ES Se ee ee a ee 6 205 
DEEMED INO OWRLCR) soebe cscs ae ee mein wenn en eee nee eeseeanae 80 | 

Devonian: 

OE CORRS = 8 Bele SS Spe ee = ee 184 469 











The water is distributed by gravity, under a pressure of 56 
pounds, through 0.26 mile of mains, to 21 fire hydrants and 120 
taps. About 600 people use the supply. It is reported that 
about 5,000 gallons are used daily. A larger supply might be 
obtained by sinking wells through the Devonian and Silurian 
limestones to the Maquoketa shale (Ordovician), which here lies 
675 to 725 feet below the surface. The Galena and Platteville 
limestones would also probably yield some water. The Saint 
Peter sandstone should be reached at 270 to 350 feet below sea 
level or at a depth at most of 1,325 feet below the surface. Prob- 


ably these formations would give sufficient water for the needs 
53 
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of the town for many years, but a large supply may be had from 


the Prairie du Chien stage and the Jordan sandstone, which - 


would be reached by a well a little more than 1,800 feet deep. 
The water should be of good quality. 


Reinbeck—The town well at Reinbeck (population, 1,205), 339 


feet deep, yields a good supply of hard water. 
The section reported by the driller is as follows: 


Driller’s log of Reinbeck town well. 

















Thickness. Depth. 


———_ 








Feet Feet 
Clay, yellow 4 4 


Clay blué, and'‘sandy beds: water_...... 2 ae eee 225 229 
ha Renee <= Sas SR Uae ele ae ee ee EPPO See ee 20 249 
LAMESORET  WAED > ce oe a oe ean ne ele oe ee 90 339 





The water is pumped by steam pump and is distributed under 
gravity pressure of 43 pounds through three miles of mains to 
13 fire hydrants and 140 taps. About 700 persons are supplied; 
the daily consumption.is estimated at 24,000 gallons. 


WELL DATA. 


Information concerning typical wells in this county is pre- 
sented in the following table: 


Typical wells of Grundy County. 











Remarks: 
(Logs given in feet) 


ply 


} 
| 
Owner | Location 


Source of sup- 
Head below 
eurb 


Depthto roek 





zy 
= 
2 
co 
sy 
2 
Sc) 
ot 
=n) 
Sa 
® 
ct 


Geo. Finlayson.--.|7 miles north oi] 24 zUz | Limestone- Pumped by windmill. Yel- 
. Morrison. low clay, 12; sand (some 
water), 190; shale, 20; 
limestone and water, 20. 
Henry Muller _.-22 5 miles southeast of} 580 | 200 |.-__.do---_| 60 |¥Yellow clay, 8; blue clay 
Grundy Center. full of pebbles in sand 
layers, 192; limestone, 
some sandy, 377; shale, 
3; limestone and heavy 
flow of water, 2. Pump- 
ed by windmill. : 
John Gange -_--.../3 miles east of Rein-| 273 | 140 |__..do____|100 |Black soil, yellow clay 
beck. and blue shale with some 
sand beds and water, 
140; shale, dark hard 
rock, and iron pyrites, 
60; limestone and water, 
; 18 to 20. 
L. G. Benken______ 34 miles northeast] 844 | 277 |Sandstone_| 140 |Yellow clay, 87; blue clay, 
of Grundy Center. and some sand, 220; 
sand and much water, 
| 20; shale, 60; sandstone, 
red, 7 
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Typical wells of Grundy County—Continued. 











4| 3 
° RD = 
a hy ° 
; ° ° Oo Remarks: 
Owner Location + ® 2 (Logs given in ftet) 
eee z she 
| 3| ga | 33 
QA A \ nN jan 
Feet | Feet Feet : 5 ee 
Mickley Bros. ----/6 miles southeastof|- 152| 146 |Gravel____- 70 Enters limestone 6 feet. 
F Ackley. 
8. Sinneng ----.---|4 miles southeast of] 3893 | 215 |No water..|_----_|Abandoned. Yellow clay 
, Ackley. and sand, 382; yellow 


clay, 58; blue clay, 70; 
hardpan, 10; yellow clay, 
20; blue clay, 18; black 
Clay, 7; sand rock (yel- 
low), 2; soapstone or 
hard shale, 35; soapstone 
or soft shale, 6; soft 
soapstone or shale, 85; 
very hard blue shale, 60. 




















GUTHRIE COUNTY. 





BY O. E. MEINZER AND W. H. NORTON. 





TOPOGRAPHY. 


The topography of Guthrie county is of two strikingly dif- 
ferent types. South and west of Middle Raccoon river the old 
loess-mantled Kansan till lies at the surface and is thoroughly 
dissected and perfectly drained; northeast of that stream the 
much younger Wisconsin till overlaps the Kansan and presents 
a typical gently undulating drift plain, almost untouched by 
stream erosion and hence poorly drained, marked with abund- 
ant ponds, swamps, and sloughs. 


GEOLOGY. 


Several formations differing widely in age and character over- 
lap in Guthrie county, making the geology peculiarly interest- 
ing and the ground-water conditions more varied than in most 
of the other counties of the state. The oldest rocks exposed are 
of Carboniferous age and belong to the Des Moines stage of the 
Pennsylvanian series, which underlies the entiré county, with 
_a thickness of several hundred feet, consisting of shale alternat- 
ing with numerous thin beds of limestone, sandstone, and coal. 
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Near the south margin of the county the Des Moines is capped 
by the basal limestone of the Missouri stage, also of the Penn- 
sylvanian series. Upon the eroded surface of these old forma- 
tions lie Cretaceous sandstones and shales, well developed and 
nearly continuous in the western half of the county, but thin or 
entirely absent in the eastern half. Finally, Cretaceous and 
Carboniferous alike are in general deeply buried beneath the 
glacial drift. . 


UNDERGROUND WATER. 


SOURCES. 


The Pennsylvanian series includes some sandstone strata 
that yield moderate amounts of mineralized water under suf- 
ficient head to rise nearly or quite to the level of the deepest 
valleys, but these sandstone strata are so scarce and so readily 
give place laterally to impervious beds that attempts to tap 
them are very liable to failure. 

In the western half of the county the Cretaceous is a fairly 
- reliable aquifer, but in the eastern half it is commonly too thin 
and irregularly distributed to be of consequence. In the former 
section it is found with considerable regularity about 250 feet 
below the upland surface, and its less cemented beds supply 
water freely, though the water is not under much pressure and 
does not rise many feet in the wells. Wells of four inches or six 
inches diameter. with independent pumps are more successful 
than two-inch ‘‘tubulars.”’ 

The upper part of the Kansan drift is sufficiently porous to 
allow a slow seepage of scanty water to wells of large cireumfer- 
ence. Associated with this drift are also beds of sand and gravel 
whose value as water bearers is entirely different where the 
Wisconsin drift is present from that where it is absent. Where 
it is absent, they are either drained or contain water under slight 
pressure only, and hence do not generally supply drilled wells; 
where it is present, they are charged with water under sufficient 
pressure to flow freely into a drilled well and to fill it nearly to 
the top or even to rise above the surface. The village well at 
Stuart (p. 841) is supplied from a bed of sand beneath Kansan 
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till. Its head is low and its yield not great, but if this same bed 
of sand occurred in the area of Wisconsin drift the water would 
be under much greater pressure, would rise much higher in the 
well, and could be recovered at a much more rapid rate. 


PROVINCES. 


In respect to ground water the county is divisible into three 
provinces—one in which the Wisconsin drift is at the surface, 
one in which the older loess-covered Kansan drift is at the sur- 
face and is underlain by water-bearing Cretaceous beds, and one 
in which the older drift is at the surface and is not underlain 
by water-bearing Cretaceous beds. Very roughly, the first prov- 
ince may be said to comprise the area northeast of Middle Rac- 
coon river, the second the western part of the area southwest of 
that stream, and the third the eastern part of this last area. 

The first province has the most favorable ground-water con- 
ditions. The porous parts of the drift are saturated almost to 
the surface and flowing wells are frequently obtained, as, for 
example, in the village of Bagley and in Richland township, be- 
tween Yale and Herndon. Water-bearing beds are likely to be 
encountered at any level in the drift, and many of the flows come 
from wells less than 100 feet deep. 

In the second province seepage from the drift is largely relied 
on, but the drilled wells go to the Cretaceous and obtain supplies 
that are not influenced by drought. In the third province the 
Cretaceous is lacking, shallow drift wells are everywhere in use, 
and successful drilled wells are scarce. 


CITY AND VILLAGE SUPPLIES. 


Bagley.—In Bagley (population, 488) there are 12 or more 
flowing drift wells. A public system of waterworks has recently 
been installed. 

Guthrie Center—The public supply of Guthrie Center (popu- 
lation, 1,337) is derived from seven wells located in the valley 
12 feet apart. The wells consist of 314-foot holes dug through 
sand and other loose materials to the Cretaceous bedrock at a 


depth of 28 feet, below which they are drilled to a gravelly 


stratum at about 50 feet. The water rises within 18 feet of the 
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surface and the pumps are placed about eight feet below the 
surface and draw by suction from all the wells simultaneously. 
Pumping at the rate of 200 gallons a minute for several hours 
produces no noticeable effect except temporarily to lower the wa- 
ter level somewhat. The wells are finished with open ends and no 
difficulty with sand has been experienced. The water is only 
moderately hard and is preferred to the shallow well water. 
There are two standpipes situated on high ground, and about a 
mile of mains connect with an extensive system of smaller pipes 
leading to about 300 points of consumption. The water is used 
by nearly the entire population and also by the railway com- 
pany for locomotive supplies. According to the records, the 
average daily consumption in ee was only a little less than 
60,000 gallons. 

The Mississippian limestones would probably yield a small 
supply of highly mineralized water under a head sufficient to 
bring it within easy pumping distance of the surface. Other and 
presumably better supplies can be had in the heavy beds of lime- 
stone which intervene between the Mississippian and the Saint 
Peter sandstone, but, as in all limestone beds, the water will oc- 
cur in crevices and solution passages whose depth can not be 
predicted and which may not be struck by the drill. Guthrie 
Center is 1,077 feet above sea level; the Saint Peter sandstone 
probably lies about 1,000 or 1,100 feet below sea level, or about 
2,100 to 2,200 feet below the surface. The water from this bed 
and other beds above may together be enough for the town sup; 
ply. Unfortunately, little information is available as to the 
water beds below the Saint Peter in this area. Apparently the 
subjacent sandstones are less well defined than in eastern Iowa, 
but a well sunk 2,750 feet below the surface should test their 
capacity and would probably obtain a supply adequate to a town 
of 2,000 people. 

Herndon.—Little except the depth is known concerning the 
Chicago, Milwaukee & St. Paul Railway well at Herndon. It 
was drilled by W. H. Gray & Brother of Chicago to a depth of 
1,700 feet (?) from a curb elevation of 1,062 feet above sea level. . 
The well does not appear to have found water. The record of 
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the strata, as made out from drillings furnished to the United 


States Geological Survey, is as follows: 


Record of strata in Chicago, Milwaukee & St. Paul Railway well at Herndon. 





me & " 








No samples 
Shale, drab 
Shale, blue 





Limesto 











Thick- | Depth 
ness 
Feet Feet 
a ee ee ee ee en enn eae kei een 534 534 
Shale, drab, calcareous; a few chips of limestone and a little white chert___-_-_- 20 ot 
SSE ee ee ee ee et Sa en a ee eee 20 574 
DRIED CINS Soo. SOM lef ee ee ee ees ee ee Se ee oe BS a ee ee 40 614 
= See Sse ee es ake ede 20 634 
Shale, green, slightly calcareous 20 654 
Limestone, blue-gray; in small chips; effervescence slow; some shale from above 20 674 
Limestone, light blue-gray; crystalline; in large flaky chips; moderately rapid 

oe TNGELECG SA QRS P Py Tal OP): aie See aS NS es ae Oe See ee ee 40 714 
Limestone, blue-gray; effervescence slow; 5 samples_-_--__-------.-_-------__--_----- 100 814 
Pte Diue-Pray,; slow. ehervescences some Chert..__--..-... 2. 2. esau 20 834 

e and shale; limestone, light blue-gray, with slow effervescence; shale,| ' 

NS BEN saat ee 7 ye pe a ge ac ae ee 2 nh ee ES as eS a 20 | 854 
Himestone, blue-gray and buff;slow effervescence_______-___-______.-_______-.----_--__ 20 874 
Limestone, light buff; slow effervescence; in chips; 6 samples 126 1,000 
Limestone, drab; slow effervescence; 2 samples___-_.--..-..._------------.--_-=.-.- 50 1,050 
Limestone, buff; slow effervescence; drillings contain an unchipped fishtooth (of 

Mississippian age) apparently from some higher horizon___-__------------_------- 25 1,075 
Limestone, buff, crystalline; slow effervescence; 2 samples__------.-------_-----_--- 50 1,125 
Limestone, blue-gray and buff; slow effervescence__________-._-.-__.-----_-__-------- 25 1,150 
PARUmECENC ISD) STOW | Oller VeStelCe a... ne ee 8 a ee 25 1,175 
Shale or marl; highly caleareous; much anhydrite; in concreted powder_--------- 25 1,200 
Limestone, hard, drab; slow effervescence; 2 samples__.-.---._---_---.---------_--- 50 1,250 
Shale, drab; facies of Maquoketa shale; 3 samples__--___--________-_-----.--------. 15 1,325 
Shale, light yellow, highly calcareous; in concreted powder; 3 samples_---------.-- 75 1,400 
Limestone, white; but drillings stained with ferruginous films so as to be buff in 

mass; in fine sand; slow effervescence; with considerable chert and crystalline 

quartz in irregular grains and with some secondary enlargements__--__-------- 25 1,425 
Limestone, white, crystalline; slow effervescence; drillings stained deep ocher- 

MMMM OMEITIS CISTO DSSLNI CL) oh on tne os ei aon ap eee iiees steed die e 25 1,450 
Prmeminosiiall Chips: white, @nd Say 2. as. nen. nn soos cet cee See 2s ee es 25 1,475 
Goer, and shale, blue; In large con¢reted mass_._.....-...--.--.-.~--.-----_-----.2.+ 25 1,500 
Limestone and chert; in fine sand; buff in mass; effervescence slow_--------------- Q5rit= 9: B26 
Limestone and chert; as above; some microscopic quartz particles and some im- 

Meaty rounded: BINA) QUATUZ PT AINA. 224, een en oes beast eae ee keene 25 1,550 
Limestone, argillaceous, or shale, calcareous; white; in concreted masses; gritty 

with lime particles; residue argillaceous ang siliceous with microscopic crystal- 

REURMUIAT 62) 6 ois oat ane wa ee eae te Bae woos ee eee bee eaaen sane 25 1,575 
Limestone, gray; in fine chips; slow effervescence; much gray chert------.-.-----.- 25 1,600 
Limestone, buff in mass, in fine sand; much chert; residue of microscopic erystal- 

MITE Ze SATUDICS: = Son se meer a Spe oe nn mesa te nt ae nd nce sbeaakaonel 40 1,640 
Limestone and shale; limestone, dark drab, argillaceous, crystalline to earthy, 

slow effervescence; shale, in chips, hard, green, fissile___-__-_-_---_----.----_----- 20 1,660 
Limestone and shale; limestone light buff or gray, erystalline to earthy; rapid 

prrervescence: in flaky chips: shale.as. above...-...-..---+.—-_-.-==-.._==-<....=.-= 20 1,680 
Limestone, gray and bull; rapid effervescence; in sand; some drab flint and 

minute tmperfectly roupded grains of quartz._.._...-..-..----.-u-=..~--.--2.~- 20 1,700 








Analysis of rock from depth of 794 to 814 feet in railway well at Herndon.’ 





99.49 


Made in chemical laboratory of Cornell College, Mount Vernon, Iowa. 
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The National Refining & Manufacturing Company well at 
Herndon has a depth of 895 feet and a diameter of 13 to 8 inches. 
The curb is 1,052 feet above sea level and the head 60 feet below 
eurb. The water comes from 20 feet, 165 feet, and between 720 
and 895 feet, in rock reported as ‘‘honeycombed limestone.’’ 
Date of completion, 1908. The water is heavily charged with 
sodium and foams so much as to prevent its use in locomotive 
boilers. 


Record of strata in. Nationcel Refining & Manufacturing Company well at 























Herndon. 
Thick- | Depth. 
ness. 
Feet Feet 
MOURN O WI en a ie er ote an ce deemncedinedien SS eee 0 20 
Till, blue, CAV OV eee t eran acee so eas Bek See nee Se ee ee 115 135 
Sand, gray; grains angular, almost loessial in fineness, with some coarser; this is 
the “gas sand” of the region and blows out with the gas by the wagonload 
when not drowned with water 10 145 
Sand, yellow, coarse, and gravel, 15 160 
Band? orange. ucOarsa. 22s ee os a Se Eee 10 170 
Shales bldekish.. fisstiess2- 2h eee 90 260 
Shales rete sce es oF ee ee on eee eee 10 270 
Limestone, argillaceous and finely arenaceous, dark buff or drab; rapid efferves- 
cence; and chert, dark drab, with much chalcedonie silica in large chips and a 
little "drusy quartz; chalcedony reported as “water granite’___.__ ___)_ =a ee 10 280 
Limestone, drab, highly argillaceous, microscopically quartzose; with chert and 
chalcedony; shale of same’ color, calcareous... = 2 eee eee 25 305 
Chert, dark drab and blackish; highly conchoidal fracture; a little milky rae 
translucent Gialecd ony fess ae = 55 360 
Limestone, gray, highly argillaceous; milky white “chaleedony “and ‘white chert__ 30 390 
Limestone, blue-gray; rapid effervescence; argillaceous; crystalline-granular; much 
white chalcedony See oak woe eee eee ate een ee re 80 420 
Limestone, almost white, coarse, crystalline-granular and limestone, light cream- 
colored, soft, in flaky chips; effervescence rapid, considerable blue-gray flint 10 430 


Limestone, dark buff and drab, finely crystalline; effervescence moderately rapid; 
with embedded, irregular, minute masses of blue flint; residue contains minute 
grains of quartes.s ue ee ees ee wa Pe 10 440 

Limestone, whitish, macrocrystalline, ‘soft; Tapid “effervescence: some joints of 
crinoid stems and oolites or perhaps tests of foraminifers almost too minute 





to: be: seen: with naked *eye-2s50 Ss ee ee ee eee 160 600 
Shale; green, plastic; fissile; noncaleareous......... .. 3-2-5 2 ee ee eee 20 620 
Dolomite or magnesian limestone, blue-gray, hard, subcrystalline; effervescence 

SOW sae eee ae a aS at es Se a om ek aw es rl a or cn eee ee 20 640 
Shale, pinkish gray, “slightly icalesneous...._.2s..k. a2. a 15 655 
Limestone, Magnesian, blue-gray, subcrystalline; effervescence rather slow; 2 

amples A.) cro ee ee ee Se eae ee ee ene 40 695 
Limestone, yellow-gray, hard, fine-grained; some lithographic, subconchoidal 

fractures TapidettervesCence 2.2.cs. oo ee oo i cle ee eee 25 | 720 
Defoe corn iC ase ee es ee ee ee ee ee 175 895. 





The sets of drillings from the two wells at Herndon are, for- 
tunately, complementary and afford a fairly complete section. 
It will be noted that the Chicago, Milwaukee & St. Paul Rail- 
way well stopped near the summit of the Saint Peter sandstone 
in shale resembling much the Decorah shale. Had drilling been 
carried a few hundred feet farther into the dolomite of the 
Prairie du Chien stage, an abundant water supply would prob- 
ably have been obtained. 
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Geologic section at Herndon. 


Well of National Refining & Manufacturing Company. 





























r Flevation 
Geologic Division. Thickness.| above sea 

level. 

Pa ot a SSS eS 

Feet Feet 
Se TELS SECTS SE ot ete Sly SRE SSR PA Nap rh ee ere, ee a 180 882 
REE Ey RS SR A a 2 i sa pn aL een > coe ee 100 782 
mine uous limestone and Osage stage-2-. =) - i.e} 254 528 

Well of Chicago, Milwaukee & St, Paul Railway Company. 

SEEOO RES N BIO oars Seca crea tanks sree alse an ace at en encoeennmaecenres 120 408 
SE LANIER TIE SH AED Big Ts pa © a gS ee 590 182 
get EEOC Eg te Sa hee Pe ee ee ee ee een 75 ~+257 
Mer manC et iatteyile. limestones. ..2o- 3 ase so oan ene ao ee eee 381 —638 





Panora.—tThe public well at Panora (population, 1,080) is 16 
feet in diameter and 40 feet deep and ends in sand. At present 
it furnishes about 9,000 gallons a day, but its maximum capacity 
is much more than this amount. The water is pumped by means 
of water power transmitted through an electric current. It is 
lifted into an elevated tank and is thence distributed by gravity 
through about two miles of mains to 10 fire hydrants and 75 taps. 
It is used by perhaps one-third of the people. 

Stuart—The well that furnishes the public supply of Stuart 
(population, 1,826) is six inches in diameter and 92 feet deep. 
It is on the upland, extends through clay, and is finished with 
an open end in a bed of sand or gravel from which the water 
rises to a level 76 feet below the surface, or 1,130 feet above sea 
level. With the cylinder placed three feet above the bottom, the 
well has been pumped continuously for three weeks at 16 to 20 
gallons a minute; this rate of pumping lowers the water to the 
bottom of the cylinder and the well can by no device be made 
to yield more. Wells ending with screens in the same bed of 
sand were at first used, but the screens became clogged and the 
wells were lost. The water from this source is of good qual- 
ity, though it contains considerable calcium carbonate, which 
gives it a temporary hardness. (See analysis, p. 190.) 

The waterworks include a small tank set on a low tower and 
connected with about one-fourth mile of mains. In spite of 
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the small service, the consumption at present approaches the 
maximum capacity of the well. As the system is inadequate 
in pressure, reserve of water, and extension of mains for fire 
protection, a number of large wells have been dug in different 
parts of the town and a portable fire engine is kept in readiness. 





HAMILTON COUNTY. 


BY W. J. MILLER AND W. H. NORTON. 





TOPOGRAPHY AND GEOLOGY, | 


The surface of Hamilton county shows the topography char- 
acteristic of the Wisconsin drift areas and is for the most part 
so flat and poorly drained that ponds and lakes are numerous. 
In the northeastern part of the county this topographic monot- 
ony is somewhat relieved by the valley of Boone river. South 
Skunk river, which rises in the east-central part and flows south- 
ward, is the only other stream of any importance. 

The drift sheets, Wisconsin and Kansan, which extend over 
the whole county, rest on Carboniferous rocks belonging to the 
Des Moines stage of the Pennsylvanian series except in the small 
area along Boone river from Webster City northward, where 
they are underlain by the Mississippian. 

As a rule the drift deposits lie flat except along Boone river, 
where they follow the slopes toward the stream bottom. The 
deep rock formations show little or no variation from the hori- 
zontal. (See Pl. VI, p. 310.) 


UNDERGROUND WATER. 


SOURCES. 


By far the greater number of the wells in Hamilton county 
obtain water from the Pleistocene deposits, which here contain 
two principal water beds of about equal importance—one m 
sand or gravel beneath the Wisconsin drift, and the other in 
sand or gravel beneath the blue clay of the Kansan drift. Well 
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data indicate that the depth to the gravels beneath the Wiscon- 
sin drift ranges from 90 to 120 feet below the ground surface. 
Many wells, however, fail to find water at this horizon and must 
be sunk deeper. The sands and gravels beneath the Kansan 
drift are reached at depths of 150 to 200 feet. They are lacking 
in but few places and form the most satisfactory aquifer in the 
Pleistocene deposits. In some wells, however, the water is not 
good because charged with organic matter. Some wells appear 
to derive their supply from local sand or gravel pockets within 
the drift sheets, but such supplies often fluctuate or even fail. 
Little dependence is placed on very shallow surface (dug) wells. 
A few wells obtain water in the older rock formations—lime- 
stones or sandstones—the water coming from different depths. 

Along the bottoms of the principal streams the water is un--. 
der sufficient head to overflow at the surface. A number of 
flowing wells are located along Boone river, as, for example, the 
thirteen wells owned by Webster City. Other flowing wells are 
found along South Skunk river in the southeastern part of the 
county. As far as could be learned the water in these wells 
comes from the sands and gravels beneath the blue clay of the 
Kansan drift, since the Wisconsin drift sheet in the localities 
named is thin or absent. 


SPRINGS. 


. In the high level parts of Hamilton county springs are almost 
entirely lacking, but a few emerge from drift deposits along 


. Boone river. 


CITY AND VILLAGE SUPPLIES. 


Jewell.—The public water system of Jewell (population, 941) 
is used only for fire protection and by business houses. The 
water is pumped by steam and is distributed under direct air 
pressure of 50 pounds through three-fourths of a mile of mains 
to 12 fire hydrants and 18 taps. The water is hard. 

Webster City.—The water supply of Webster City (popula- 
tion, 5,208) is obtained from 13 wells, ranging in depth from 90 
to 110 feet, ending in gravel beneath the blue clay of the Kansan 
drift. (See Pl. VI, p. 310.) 
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The water is distributed under pressure of 55 pounds through 
six miles of mains to abou: 350 taps. For fire protection pres- 
sure can be increased to 150 pounds. About 1,600 people use 
the supply, which is ordinarily sufficient. 

The gas company well has a depth of 1,250 feet and a diam- 
eter of eight to six inches; casing to or near the bottom. The 
curb is 1,048 feet above sea level, and the head 16 feet above the 
curb. The water comes from 675 feet and 1,200 feet, and the 
original flow was 70 gallons a minute. The well was completed 
in 1888. The water has both the odor and taste of sulphur and 
so rapidly corrodes iron that the best galvanized pipe with- 
stands it for only about two years. For these reasons the well 
has never been used except to supply a public watering trough. 


Record of strata in well at Webster City (Pl. VI, p. 810). 








Depth. 





| Thickness. 





Feet Feet 
Soll; Gay, sand, thin layers of rock, ete. 2-02 oe ee eee eee 180 180 
Limestone, light yellow; earthy luster; much quartz sand, yellow, pink, and 


Diack, prains imperfectly rounded:_......... 2 Jo) ee eee 20 200 
Limestone, light gray, soft, earthy, in flaky chips; fossiliferous__--.-_-.----- 150 350 
Shale, *bluels 2225-22 hee ean cl ee ee oe 10 360 
Limestone, dark drab; mottled with white calcite; erystalline_--—-—-—-------—-~ 100 460 
Limestone, magnesian, hard,’ brown,’ erystalline..--_-________ See 40 500 
Shale, calcareous, dark gray, siliceous; microscopic particles of quartz ce eee 20 520 
Dolomite or magnesian limestone, dark brown, compact crystalline___---_-__ 30 550 
Limestone, dark blue-gray, crystalline; effervescence slOWesaea eee eee 45 595 
Limestone, light yellow-gray, soft, crystalline; effervescence slow----__-------- 55 650 
Dolomite or *yagnesian, limestone. _. .-_-..- acs U2 Lab soa eee 30 680 
Limestone, dight) eray, saccharoidaluu.-.....-- 623. -So.. 3 eae ee 95 775 
Limestone, elose-praimed,. blue-gray__..--. 2. 2 5 eee eee 45 820 
Limestone, sbrown; icryataliine? 2 2 eee 60 880 
Limestone or shale, highly argillaceous, blue-gray; white concreted masses of 

anhydrite powder etre Sen aa icat sete Mead hoses cuanscnetce nan eee 120 1,000 
Shale; cdrab, Calcare0us (ss aa on en ec a ee eee 75 1,075 
Limestone, Inagnesian, PLOW Crystalline.o. 3... Uk. eee 15 1,090 
Limestone, in pure, white, crystalline SONG sess. oo ee eee 40 1,130 
“Limestone (?), pure white’; mo) samplel-.--2  _ eeeeee 120 1,250 
Limestone, light: buff; in fine sand 2+... .--2-.-.+. Se 1,250 





The record given above is based on but 20 samples and en- 
tries, and is difficult to interpret. The Mississippian probably 
Sieee to the base of the shale at 520 feet (528 feet above sea 
level). No line can be drawn between the Devonian and Silurian, 
and the latter seems to include the anhydrite-bearing limestone 
and shale, stated to extend from 880 to 1,000 feet, the 75 feet 
of subjacent shale falling in with the Maquoketa shale. From 
1,075 feet to the bottom of the well the drill seems to have been 
working in the Galena and Platteville limestones. Had the 
drilling been continued 150 feet deeper the Saint Peter sand- 





’ 
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stone would probably have been struck, and 400 to 600 feet 
deeper the creviced limestones and the sandstones which yield 
the chief supply for the Iowa wells would have been tapped. A 
well about 1,850 feet deep would have given a largely increased 
yield of much better water, the sulphate content being greatly 
lessened. Hence the failure of the well to get a good water 
need not deter other enterprises. 


WELL DATA. 


Information in regard to typical wells in Hamilton county is 
presented in the following table: 
. Typical wells of Hamilton County. 


























u 
4 a ° 
-) S oe 
= = a 
ion © ° 2 Remarks: 
i Rata LORS io a g = (Logs given in feet) 
~~ wy i mb SS 
Ball “os 5a 23 
= a 77) . 
Feet | Feet Feet 
Peter Nelson ~.-----|Jewell --------.______| 108 | None|Sand or —30 
gravel. 
Peter House --------|3$ miles northeast] 183 | 116?|/Limestone_| —40 
of Jewell. 
en wAtre vs-----_-|6 miles southwest) 828] 107 |..-._.___—- —50 
: of Jewell. 
E. Challey ---------|2 miles south of| 95 |None|Sand and | +15 |Flowing well. Black soil, 
Jewell. gravel. 5; yellow clay, 15; blue 
clay, 30; blue clay, put- 
| ty-like, 15; sand and 
| gravel, 30. 
A. Bloom ----------|7 miles northeast) 295 | 105 |Limestone_| —35 | 
of Jewell. 
ee Brudos .-....... 6 miles southeast of} 155 |None |Gravel_--__- —25 
Stanhope. 
J. E. Olmstead-_----|3 mile west of Web-| 181 | 181 |_-_. do_-..'| —50 |Black soil, 4; yellow clay, 
ster City. 14; blue clay, 83; yel- 
low clay, 40; black muck 
| with leaves, etc., 40; 
| gravel; limestone. 
M. Fahoney -------|2 miles northeast of} 176 |None |___- do —-__| —34 | 
Duncombe. 
woseevvelch..2_.-__. 2 miles north of | 181 | None|-_-. do ----| —30 |Black soil, 4; yellow clay, 
. Homer. 10; blue clay, 16; sand 
and some water, 3; 
“hardpan” (hard blue 
clay), 17; sand and 
some water, 50; tough 
black clay, 75; sand and 
gravel and water, 6. 
G. Robinson ------|2 mfles west of} 167/ (?) |Sand-_------ —40 |Water bed at 156 feet. 
Blairsburg. 
8. Bateman -------|2 miles south of] 68 | None|Gravel__-__| +25 |Flows 10 gallons per min- 
Webster City. ute; pumped by steam. 
Yellow sand, 8; blue 
clay, 27; sand and water 
(flow 30 gallons per min- 
ute. but too much 
sand), 3; blue clay, 28; 
gravel and water (flow 
10 gallons per minute). 
Meee Orinvon..--.|Elisworth —...-.-...- 91 | None|Sand and +14 |Flows 10 to 15 gallons a 
gravel. minute. 
Lars Severson --_-|6 miles northwest] 240 | 162 |----_-_-_-___.| —45 
of Radcliffe. 
New. Waugh...... 33 miles north of] 108 380 |Limestone_| +25 |Flows 18 gallons a minute. 
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HARDIN COUNTY. 





BY W. J. MILLER AND W. H. NORTON. 





TOPOGRAPHY AND GEOLOGY, 


An area of loess-covered Kansan drift in the southeastern 
part, a smaller area of Iowan drift in the northeastern, and a 
much larger area of Wisconsin drift in the western parts are 
the controlling factors in the topography of Hardin county. 

The surface of the Kansan drift area is well drained. The 
larger streams have deposited some alluvium, and their tribu- 
taries have cut well back toward the divides. The Iowan area 
is part of the great Iowan drift plain and is comparatively flat. 
The Wisconsin drift area comprises more than four-fifths of the 
entire county. Its eastern margin is marked by a chain of hills 
and knobs that rise 30 to 60 feet above the adjoining uplands. 
Back of this ridge the general surface is characteristically a 
plain, marked by many saucer-like depressions and knoblike 
eminences. Drainage lines are few and broad areas are almost 
wholly undrained. | 

The most striking feature of the eastern part is Iowa river 
channel, which has been cut down well below the general level. 
In the vicinity of Iowa Falls, Iowa river cuts through ledges of 
solid limestone. Except very locally along Iowa river, where it 
has been eroded away, the Kansan drift sheet is probably pres- 
ent throughout the region, extending beneath the Iowan sheet — 
in the northeastern part and beneath the Wisconsin in the west- 
ern. 

From the northern part of the county to a little south of Iowa 
river, and probably also in the extreme southeast corner of the 
county, the drift rests on limestone belonging to the Mississip- 
pian series of the Carboniferous. (See Pl. VI, p. 310.) Through- 
out the remaining and larger part of the county the underlying 
rock is the shale or limestone of the Des Moines stage of the 
Pennsylvanian series. 
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The drift formations lie in general nearly horizontal; the 
underlying rocks show a slight westward dip. 


UNDERGROUND WATERS. 


SOURCES. 


The most important and persistent aquifer in the drift de- 
posits of the county appears to be the sand or gravel beneath 
the blue clay of the Kansan drift. As the drift formations vary 
in thickness from a few feet to a maximum of 300 feet, this 
aquifer may be found at any depth up to 300 feet; nearly every- 
where, however, it lies between 100 and 200 feet. 

The next most important aquifer in the drift is the sand or 
gravel beneath the Wisconsin drift. Well data indicate that 
this aquifer, where present, lies at a depth of less than 100 feet. 
In many places, however, the sands or gravels are absent or they 
do not yield sufficient water. 

Some wells obtain water from local sand or gravel pockets in 
one or the other of the blue clays, but such supplies are rarely 
satisfactory. Nearly all the very shallow surface (dug) wells 
show seasonal fluctuations. 

Some wells have passed through the drift into the shales, 
sandstones, and limestones below, obtaining water from the 
limestones and calcareous sandstones. 

Many wells sunk in the depressions obtain water under suffi- 
cient head to flow at the surface. All such are comparatively 
shallow, ranging in depth from 25 to 75 feet; their water comes 
from isands or gravels, thought to be at the base of the Kansan 
drift, below a blue clay, which acts as a retaining layer. Such 
local basins are found in the western portion of the county along 
the more important streams between Jowa Falls and Hubbard. 
A number of wells along Rock Run near Iowa Falls and others 
southwest of Iowa Falls in the vicinity of Buckeye and Cottage 
yield flowing water. 

Several wells obtain flows from the underlying rock forma- 
tions; for example, the city well of Iowa Falls and a well three 
and one-half miles west of Hubbard. 
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SPRINGS. 


Many springs emerge from both the drift and the underlying 
formations along the course of Iowa river. The water of the 
springs north of Eldora comes from the Coal Measures and 
earries iron and sulphur. Small springs are common along 
other streams, especially in the local artesian well basins. 


The Siloam mineral springs, owned by Mr. E. E. Cannon, of 
Towa Falls, are on Maplehurst farm, one and one-half miles 
northwest of Iowa Falls. The springs emerge near the stream 
bottoms along a small branch of Iowa river, and the water ap- 
parently comes from limestone, which is here near the surface. 
The water is used both for drinking and as a medicine. About 
50 families in Iowa Falls are supplied. 


CITY AND VILLAGE SUPPLIES. 


Ackley.—Two wells are owned by the city of Ackley (popula- 
tion, 1,244), one 2,032 feet deep, the other 119 feet deep. The 
deep well, which was put down some time prior to 1894, was 
abandoned because it did not yield sufficient water. The- curb 
of this well is 1,110 feet above sea level; the head is reported to 
have been 82 feet below the curb, or 1,028 feet above sea level; 
another report gives the head as 25 feet below the curb. Water 
- was recorded as occurring 50 feet from the top; other veins were 
not recorded. The strata penetrated are indicated by the follow- 
ing section: 

Record of strata in city well at Ackley (Pl. VI, p. 310). 











Thick- ne 











ness. 
Quaternary (100 feet thick; top, 1,110 feet above sea level): Feet Feet 
ATV iim Or ri it wee bo ee ee ee ee er 100 100 
Carboniferous (Mississippian): 
Kinderhook stage (207 feet thick; top, 1,015 feet above sea level)— 
Shale, fine, blue, somewhat calcareous; 2 samples____._-_.-._-.-__--------_----- 85 185 
Limestone, coarse, buff, vesicular.....-...........-_... 140 
Shale, blue, fine, slightly calcareous; 2 samples 163 
Sandstone, fine, bluish white, friable--.........._..-...___.-_ 163 
Nowsaniples::sa- 220 5 ee a SS ee lie eee 62 225 
Shale, fine, blue; slightly calcareous; 3’ samples._....- eee 35 260 
“Sandstone; dine. Dluish! white; friable-_...<.2...._...- 2 ee ee 5 265 
Shale, blue-gray; with black ferruginous concretions; caleareous___-_----- 25 290 
Shale, fine, blue; somewhat caleareous2-.--.-__ -_ uJ. 221. Be eee 17 307 
Devonian (328 feet thick; top, 803 feet above sea level): 
Limestone, magnesian, light buff, highly pyritiferous; contains a little chert 13 320 
Shale and limestone; shale, blue, calcareous, with a few particles of black 
carbonaceous shale; limestone, blue, argillaceous, some gray and purer, 
fossiliferous —_------—-----~--_------- = 2 <= 2 -- 5 nn one ~ 8 nnn nn 15 335 
Limestone, dark eray, -Magnesian, ate22-2 +25. 12. eee eee 335 


























Limestone, light gray 


No samples 
Limestone, blue, argillaceous; 2 samples 


Shale, green 


Limestone, light gray, cherty; 2 


Prairie du Chien stage— 


No samples 


Dolomite, white 





Dolomite; much quartz sand 


stone 


Cambrian: 
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Record of strata in city well at Ackley—Continued. 
Thick- | Depth. 
ness 
b $ : Feet | Feet 
Limestone, argillaceous, nonmagnesian; small fragment of brachiopod resembl- 
Pern nese WE Me TR SO i 10 410 
Re a a eee ae ea ag al nas pas toe aes en | wenn ie 410 
= Nee Bt aE AE ee ey Sa Rated te ea uk | Se al a a ee ae 50 460 
PG RON xc ot ne ie eee ene eens 2 ac a Se ee 13 473 
Limestone, light yellow-gray, argillaceous and slightly siliceous, at.___________|________ 473 
ie Repth a Cal nis aac SO neiea's oe a PRE Peete Chm Oe ke ina ei oa kw a 27 500 
ee ae ly | ee ee ee 70 570 
Iai ce Rear RI cal ial eo een es Sena Sean 65 635 
Limestone, magnesian, light brown; 30.74 per cent MgCOs, at-___-_-----------_|_--___-_- 635 
CTT ae ea ee ee Pe ce, ies sy ea Se 95 | 730 
Dolomite, brown and buff; much white chert; 5 samples__--__--__-_-____---_-___- 27 757 
Se tat tees eee te ee a eos Zz | 759 
we By LS Ur eS BG CE eae ee ee eee 38 797 
Pye cele) ee a ee es eee a 18 815 
Maquoketa ‘shale (160 feet thick; top, 295 feet above sea level) — 
aaa aah SSR pes at oS ae ee Be 875 
Dolomite, hrown, hard, crystalline, cherty; 2 samples 904 
Dolomite and shale, dark drab; much green shale in drillings 915 
915 
Sn eae ee ee 940 
Shale, green and buff: in cuttings, as if washed; 2 PAUIBIGR SH te 975 
Galena and Platteville limestones (885 feet thick; top, 135 feet above sea level)— 
5 1,015 
Limestone, light gray, soft; fcssiliferous at 1,205, 1,230, and 1,238 feet; 16 
fo ES Ee ee ee oe EE Sn a OA Se 1,250 
Limestone, light buff, dark gray, and light gray; 3 samples 1,300 
pyritiferous, with much clayey matter and minute particles of quartz____ 1,325 
Shale, green and bright green, indurated, slaty, highly pyritiferous; 3 
Lek ieee ged ps apps oa hs SN a el ea a es es eee 35 1,360 
Saint Peter sandstone (85 feet thick; top, 250 feet below sea level)— 
Sandstone; grains white, well rounded, somewhat uniform in size; 3 samples 85 1,445 
Shakopee dolomite (120 feet thick; top, 335 feet below sea level)— 
Dolomite. white, subcrystalline, oolitic; much quartz sand, at________ |_-___-__ 1,445 
= SE pte Se SE es Oe Sa eS ee 35 1,480 
Presi hon sn nese. velow Meni io... 8th 10 1,490 
Dolomite; considerable light green shale; much quartz sand_____-_-______ 10 1,500 
Pomcuiees pull. CuaTt7 send oan Snale a 2. ee 5 1,505 
Dolomite, white; some chert, quartz grains, and green shale; 2 samples 25 1,530 
Polomnte, dieht yellows ‘si Uitte quartz sand. o- 4-2 22-_ 25 no ase ae 10 1,540 
Dolomite, hard, gray, suberystalline; some sand grains_____-_-___-______ 8 1,548 
et a EE Re Se ae ee a ae 2 1,550 
mmomibe. hard, Loup. = Hew iis ao oo oe UL eee ae. 16 1,565 
New Richmond sandstone (80 feet thick; top, 455 feet below sea ley=l)-— 
Sandstone, calciferous; white, rounded grains; numerous minute ehips 
SOMO LOI LG 62a ee ene ee On ee oe cae. ie 15 1,580 
Sandstone; as above, but with much less dolomite__.-.__-__--._--___._- 15 1,595 
Sandstone, light colored, friable; grains rounded and varying widely 
in size, the largest reaching 1 millimeter in diameter_---.-.-..--_-_-_-_- 15 1,610 
Sandstone, light gray, hard, moderately fine-grained; much green shale 
(probably from above) and considerable dolomite__--.-.---_----------- 25 1,635 
Sandstone, white; grains rounded and resembling Saint Peter in general 
uniformity of size; many from 0.7 to 0.9 millimeter in diameter, 
Mirren er ein Over” Uiotaiiiimetenc tk eee as ee ieee 10 1,645 
Oneota dolomite (175 feet thick: top, 535 feet below sea level)— 
‘Dolomite; ‘buff; drillings chiefly quartz sandii..-2l2 L223 ele 15 1,660 
BN ee Cais RS REY le I Sr a 15 1,675 
Dolomite; drillings chiefly quartz sand. If sand is native in this and 
the two samples above, the rock should be called caleiferous sand- 
SS IR ae, ae ae nee eT Le MEPL ee a REE pe ae eee ee 10 1,685 
Dolomite, hard, gray, subcrystalline, pyritiferous___-.._______..._______ 35 1,720 
emt ire MOL SUS vee Abe et ere eS eB ia atecteatee| its MRE 
SO CMMESEC RID LVAENSS 4 a1 2.0, 0. wR Saw ete See, Coe Se aes ERs IS OSES Viele ee 100 1,820 
Jordan sandstone (210 feet penetrated: top, 710 feet below sea level)— 
Sandstone, white; fine-rolled grains with some dolomite sand and chert, at/.---___- 1,830 
Sandstone, calciferous; mostly quartz sand, well rounded, rather coarse, 
some dolomite and grains of chert-oolite; some quartz grains seen in 
eal Duthuitay “TCT i) be ag eas ARNE cai eet eels TUR Aa ea ahs Reet hee ea ee 2 1,950 
Sandstone; as above; grains reach 1 millimeter in diameter; detached grains 
and chips of sandstone with dolomitic matrix and minute cuttings of 
TOILE OTe ve TenaCeOus, UAto a. ate see unde cece e ee ene setae 2,000 





5+ 


850 UNDERGROUND WATER RESOURCES OF IOWA 


Chemical analyses of well drillings.* 











Sample from depth of— 











885 feet jr81 feet.t| 1,540 feet 

CaCOn ces eee eee eee te eee en, Lot eee 60.45 60.97 50.96 
MOO eee tetra hoa oye Eabacnest acne Sad ee POTEET 30.74 34.85 43.82 
CaSO oer aaa 8 Se ies ny Oe 58 62 1.06 
SiO sees eee ee See re ee RA EE 4,99: |2. ce 2.47 
AlsQge tt ee eae ES I eS eee GAS + he ee 2.56 7 -59 
Fe.Oz Sep Sep ARE eh A Se ee ee Se Oy eee ey ee ST oe ee eee eed 58 BLE Bi .33 
oR 6 hee ee er ee eee eee ae SL 4 37 79 
TOPE ce ee ee ae ee ee ee eee 100.27 99.99 100.02 


The section of the shallower well, which furnishes the present 
abundant supply of medium hard water, is reported by the 
driller as follows: 


Driller’s log of Ackley city well. 








| Thickness. | Depth. 








e Feet Feet 
OVERS, VOLO Wea a i ae we pen en meee seen eeete PED eae ae 10 10 
Band), VOU OW toca rece ce ees eS ew ere ee ere re eg 2 12 
Olay, DING Piano cee ie ene Sn an nn hen to eee eee eases eee 23 35 
Sf ns beeen ee SE ee een oe rene ES ee se 2 37 
Oley, DWC Fee sean pe cae nw cen ee eee oes Sa an ee ee 8 45 
Gravel and Sands ee ncn ann cane nn sn se ree eee 19 64 
Sandstone and swatels--—--—-.~ ne ee ee 55 119 








The water is pumped by an electric motor and distributed 
by gravity under pressure of 40 pounds through four-fifths of 
a mile of mains to 59 taps and 11 fire hydrants. About 300 
people use the supply. The daily consumption is estimated at 
10,500 gallons. 


Eldora—tThe public water supply of Eldora (population, 
1,995) is obtained from two wells—one 200 feet, the other 250 
feet deep—that end in limestone. The water stands 135 feet 
below the curb and is pumped by steam to an elevated tank, 
from which it is distributed under gravity pressure of 35 pounds. 
For fire protection a pressure of 105 pounds is available. The 
distribution system comprises three and one-half miles of mains, 
30 fire hydrants, and 193 taps. Practically everybody uses the 
city water, the consumption of which is estimated at 6,000 gal- 

aChemical laboratory, Cornell College, Mount Vernon, Iowa. 


bSilica, which formed about one-third of sample in the form of chert, discarded 
from analysis. 
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lons daily. Long pumping is required to keep up the supply. 
The water is medium hard. 

The strata penetrated by the shallower well are indicated by 
the following log: 


Driller’s log of Eldora town well. 














Thickness. | Depth. 
a Feet Feet 

ELT) tte a oe ee a Pe ee be teers oe oan koe na cecmeewenencesced 80 30 
Clay, blue - Pisa os ae CN rE a ina 10 40 
Black ‘ ‘muck, ” with logs Ti foot in diameter ooo ns eee 20 60 
Sand, yellow, PRG oh ae SAB En eae Tk ee ee be ee ed ee ee 8 68 
Oe 2 RS 2 ee eee ee ee 40 108 
ee, Oe P35 2 5 ee ee. es eS ae oe ae ee ee ee 17 125 
ST eat li a ao i ea Se ae a a ees ee eee nee! 10 135 
Pinestone Tene OQ eat Ee Be eee ee ee ee ee ee eee 65 200 








Eldora is 1,060 feet above sea level, and a deep well will reach 
the base of the Kinderhook stage about 400 feet below the sur- 
face. The drill will then pass through Devonian and Silurian 
limestones in which some water may be found. A heavy dry 
shale, the Maquoketa, possibly exceeding 100 feet in thickness, 
will be encountered at about 970 feet from the surface. Below 
the Maquoketa the Galena and Platteville limestones may be 
found to contain water, especially toward the base of the Platte- 
ville. The Saint Peter sandstone, the first reliable water bed, 
should be reached at about 1,500 feet from the surface, but to 
obtain a large supply drilling should be carried 500 or 600 feet 
deeper still through creviced limestones and porous sandstones, 
which will yield an ample supply. 

If a thoroughly water-tight casing is carried down somewhat 
below the base of the Kinderhook stage, the waters from the 
lower aquifers should make a very fair drinking water. The 
quality of all inflows above the Saint Peter should be tested. 

Hubbard.—tThe town of Hubbard (population, 568) obtains a 
good supply of medium hard water from a well 325 feet deep. 
The water is pumped by gasoline engine and distributed under 
gravity pressure of 30 pounds through one-half mile of mains 
to 11 taps and seven fire hydrants. About 100 people use the 
water. The daily consumption is estimated at 3,000 gallons. 
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The strata penetrated by this well are indicated by the follow- 
ing log: 
Driller’s log of Hubbard well. 











| hickness Depth. 





Feet Feet 
Clay. velo wemmand Geardees =). (oo ek ee ee wisi Jieaneceeee 75 75 


Clays ined es Bt ns oe eee ot eS eee 150 225 
Olay; yellow, “hand: with sand’ layers.-.25.--....--2._ 2 eee 25 250 
DMOStOMe AS as sa ee Ao oe oo at pk te ee bd Se ee ee 5 275 
Sandstone ~ 2 eee Be oe on ss oh ec ai pec Coe nnk anne Bee eee ae ee “5 300 
EAMORTONG WHILE) oon. ao. ne Soe soe e se hk a ee 25 325 





Iowa Falls—The water supply of Iowa Falls (population, 
2,797) is derived from two flowing wells, one 276 feet, the other 
240 feet deep. (See Pl. VI, p. 310.) The water is pumped by 
two steam pumps and distributed under gravity pressure of 
55 pounds through four miles of mains to 300 taps and 31 fire 
hydrants. About 1,700 people use the supply; the daily con- 
sumption is estimated at 70,000 gallons. The water is hard. The 
city wells end near or at the base of the Kinderhook stage (Mis- 
sissippian). If a well is sunk below these shales, the drill will 
first penetrate heavy limestones of Devonian and Silurian age, 
which probably continue with little interruption to a depth of 
about 850 feet below the surface, where they give place to the 
Maquoketa shale (Ordovician), here about 150 feet thick. The 
Devonian and Silurian limestones will probably yield some 
water. Near their base thin beds containing more or less of 
gypsum or anhydrite may be encountered, the water from which 
should be cased out. The Maquoketa shale will of course be dry. 
Below the Maquoketa shale will be found the Galena and Platte- 
ville limestones, which extend to about 1,475 feet from the sur- 
face and should contain considerable water under a head which 
should bring it within easy pumping distance of the surface. 
The water so far encountered will considerably inerease the 
present supply, but will not improve its quality, and the well - 
should be sunk to the Saint Peter sandstone or about 300 
feet below that formation in order to obtain the large supplies 
which are to be found in the deep formations. To obtain the 
largest amounts of the best waters, therefore, the well should 
be sunk to a depth ranging from 1,900 to 2,100 feet. Analyses 
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of the different waters will show which ones should be cased 
out because of their poor quality. 

Radcliffe. —The public water system of Radcliffe (population, 
660) is obtained from two wells, the older 130 feet, the newer 
95% feet deep, which yield a good supply of hard water. 

The system is equipped with two steam pumps and the water 
is distributed by gravity under pressure of 35 pounds through 
two-thirds of a mile of mains to 40 taps and 11 fire plugs. About 
half the population use the town water. The daily consumption 
is estimated at 8,000 gallons. 


WELL DATA. 


Information in regard to typical wells in Hardin county is 
presented in the following table: 
Typical wells of Hardin County. 














- oT 
a ee ie 
} vA Ore 
bal at oS R 7 
A ° ° ae “Remarks: 
Owner Location 2 a ae (Loge given in fect) 
so: irae z ao 
e|e| sa | 88 
a) A | n ea] 
. ’ 
Feet | Feet Feet 
Mr. Lake ----.--..--|3 miles east-south-| 58 56 |Sand at 53/+ 2 /Flows good stream. /Yel- 
east of Buckeye. feet. low clay, 15; blue clay, 


38; sand and water, 3; 
limestone (?), 2 
M. Thompson --.--|2 miles north of] 250; 250 |Drift sand_|—100 |Limestone under  water- 
New Providence. bearing stratum, 
Mr. Bump ----.---./54 miles south of} 172] 160 |Sandstone.|— 80 /Yellow clay, 20; blue clay, 
Iowa Falls. 97; sand, gravel, and 
water, 3; blue clay, 25; 
sand, 53 “hardpan” 
(tough yellow clay), 10 
sandstone (soft) or sand 
and much water, 2; shale 
6; limestone, 4. 
J. B. Parmelee__--.- i2,. 89 N.; Rs. 20 W: 56 | No | Sand and |+ 16 |Temperature, 47 degrees; 
| rock | gravel. flows 80 gallons per min- 
| ute. Black soil, 33; 
sand, 2; blue clay, 5h; 
| fine sand, 34; blue clay, 
1 














sand, gravel, and wa- 


ter, 41%. 
Fred Silas -..-.._-__.3 miles southeast of} 236 | 236 |Limestone-|— 96 |Yellow clay, gravel, bowl- 
Ackley. ders, and sand at top; 


blue clay and 1 foot 
hardpan at depth of 90; 
sand at 194; clay at 197; 
rock (probably a bowl- 
der) at 198; blue clay at 
234; limestone and water 
at 236. 
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Typical wells of Hardin County—Continued 














Remarks 


Owner Location (Logs given in feet) 


ply 
Head above or 
below curb 


Depth to rock 
Source of sup- 


Depth 








tb 


50 


i) 


State Industrial 1 mile west of El- 
School. 


2 |Limestone-j— 40 [Steam pump. Black soil, 
dors. (2) 


6; yellow clay, 15; blue 
clay, 40; very soft coal 
(?), 7; sand, 20; white 
clay, 4; sandstone, 1; 
black shale, 5; sandstone 
and water, 5; white 
clay, 2; black shale, 15; 
gray limestone and sand- 
stone and water alter- 
nating, 130. 
—170)Water-bearing stratum at 
239. Yellow clay (sand- 
stone and water, 10 feet), 
15; blue clay, 35; yellow 
clay, 40; blue clay, 107; 
hard rock (bowlder), 1; 
blue clay, 36; hard sand- 
stone (bowlder), 4; soft 
clay, 1; rock (bowlder), 
13; sandstone and much 
|_ water, 5. 
—110 |Limestone, 40. Pumped 
by windmill. 
J. Smuck ---------- Bp alee north of} 70} 70 |-------_--- + 16 |Water in sand over rock. 
' u ard. | 
Mr. Ledge .-.-.....|34 miles west of] 350 | 298 |Limestone_|+ 1 |Flowing well. Yellow clay, 
Hubbard. 15; blue clay and peb- 
bles, 240; sand and 
gravel, 438; limestone 
and water, 52. 


D. M. Leach-.------/2 miles southwest of| 245 | (?) |Limestone- 
Abbott. ; 





William Haynes -..|Steamboat Rock --| 265 | 225 |... do ---- 




















JASPER COUNTY. 


BY HOWARD E. SIMPSON. 





TOPOGRAPHY. 


Jasper county exhibits two distinct phases of erosional to- 
pography. By far its greater part shows the well-drained, ma- 
turely dissected surface of the Kansan drift sheet; the remain- 
der, comprising a small area in the northwest corner of the 
county, including most of Clear Creek township, the west half 
-of Poweshiek township, and the northwest quarter of Washing- 
ton township, shows the imperfect drainage and level surface 
of the latest drift sheet, the Wisconsin. 


The area is drained chiefly through South Skunk river and 
its tributaries, the larger streams flowing in a general south- 
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easterly course. A small area in the southwest corner, how- 
ever, is drained southward through the tributaries of the Des 
Moines. 

All the larger streams meander through broad, deep valleys 
floored with alluvial deposits. The divides are also rather broad 
and flat topped, showing less complete dissection than is char- 
acteristic of the Kansan plain farther south and nearer the 
larger rivers. The upland plain slopes gently southward from 
a maximum of about 1,050 feet above sea level in the north and 
about 950 feet in the south to 750 feet in the bottoms of the 
greater valleys. 

GEOLOGY. 


The entire area of Kansan drift is covered by several feet 
of loess, a pebbleless gray clay easily distinguished from the 
drift clay. The latter is in places 100 to 200 feet thick and 
contains much sand, gravel, and even bowlders, locally strati- 
fied but generally unstratified. In the Wisconsin area the 
bowlder clay overlies the loess, which in turn rests on the older 
Kansan. 

All of the larger stream valleys contain alluvial deposits of 
interbedded silt, gravel, and sand, those in the valley of the 
Skunk being especially deep and from one to three miles wide. 

So far as known, the unconsolidated surface deposits of the 
county everywhere rest on Carboniferous rocks belonging to 
the Des Moines stage of the Pennsylvanian series. (See PI. 
XV, p. 812.) Sandstones are more common in the shales of this 
group than in counties farther south. These Coal Measures are 
underlain in the northeastern part of the county by the Kinder- 
hook stage, and in the southwestern by the Saint Louis limestone, 
both of which belong to the Mississippian series. 


UNDERGROUND WATER. 
SOURCES. 


The water supply of Jasper county is derived from alluvial 
deposits, the loess, the drift, sandstones of the Des Moines stage, 
sandstones in the Saint Louis limestone, and from deeper forma- 
tions. | 
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Alluvial sands and gravels are important aquifers only along 
South Skunk river and its two chief tributaries in this county, 
Indian creek and North Skunk river, where they have aceumu- 
lated to considerable depths and are sufficiently loose and porous 
to permit a very strong underflow. Most of the wells in the 
alluvial deposits are shallow, as a rule less than 40 feet in depth. 

Over large parts of the loess-Kansan area the loess mantle 
is several feet thick and the basal portion is so sandy that it 
furnishes a water supply that is utilized by shallow wells to 
an extent greater than in any other county. The loess on the 
uplands produces conditions favorable to shallow water sup- 
plies such as are used for the public supply of the town of Eddy- 
ville, on Des Moines river. 

In the region of the Wisconsin drift the underlying loess be- 
comes an important aquifer, for owing to the imperfect surface 
drainage the ground-water level is high, the younger bowlder 
clay forms an excellent protecting covering, and the sandy loess 
is a suitable reservoir. The seepage springs favored by such 
conditions are unusually common in the valleys erossing the 
margin of the Wisconsin drift area and are not uneceommon from 
' the base of the sandy loess overlying the Kansan, but those from 
the latter horizon are unsatisfactory for stock supply owing to 
the certainty that they will dry up just when they are most 
needed. Few loess wells exceed 25 feet in depth. 

The Wisconsin drift in this county is thin, yet, because of the 
undrained character of its surface, it yields a supply of water 
to many shallow wells. The water is chiefly from small seeps 
and veins and is closely akin to surface water in quality. 

Seeps from sand pockets and small veins in the Kansan clay 
supply many wells, and an abundant supply of good water is 
found in beds of sand and gravel beneath the Kansan drift and 
above the underlying shales. The great thickness of the drift 
in this region makes it expensive to reach these sands, as in 
some places they lie 200 to 300 feet below the surface. Flowing 
wells from these sands are not uncommon in the valleys. 

The Coal Measures as a rule furnish unsatisfactory water. 
Water is everywhere found in the seams and beds of coal, and 
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is locally so abundant as to interfere seriously with mining 
operations, but this water is never potable. The shales which 
compose the greater part of the Coal Measures are compara- 
tively dry and unimportant as water bearers. Limestone lenses 
are common. ‘The only available water of importance is found 
in the thick lenses of sandstone, which are more common in this 
county than in the coal region farther south; but this water, 
like most water of the Coal Measures, is frequently so strongly 
impregnated with iron as to be unfit for use. One of the most 
striking exceptions to this rule is afforded by the Red Rock 
sandstone, a channel deposit consisting of coarse, friable, gray 
to purplish-red ferruginous rock, which has been found in an 


area two to four miles wide extending from the southern bound- 


ary of the county east of Monroe to a point some distance 
northeast of Kellogg. Its precise area.and extent are, how- 
ever, very uncertain. Wells in this sandstone furnish an abund- 
ant supply of excellent water and good springs from it are found 
in several places. 

Regarding the Coal Measures as a source of springs, I. A. 
Williams’ says: 

Springs issuing from the Coal Measures strata are not uncommon. The 
water is, however, often so charged with sulphuric acid as to make it value 
less, where it comes from beds associated with coal seams. Two instances 
may be cited of springs which come from Coal Measures strata and furnish 
never-failing supplies of good water. In the NE. 4 NW. \% sec. 9, Rock Creek 
township, is such a spring, flowing from near the base of the Red Rock for- 
mation. A spring on the farm of Mr. P. W. Mowry in section 34, Des Moines 
township, furnishes an abundant supply of excellent water. 

The Saint Louis limestone is an important aquifer in Jasper 
county as elsewhere. In this county it supplies the most famous 


‘wells in the state, the Colfax artesian wells known as the Colfax 


Mineral Springs. From observations elsewhere the Saint Louis 
limestone is believed to wedge out in the northeast part of Jasper 
county; elsewhere other hard limestones, known as the Kinder- 
hook stage, directly underlie the Pennsylvanian or the drift. 





1Ann. Rept. Iowa Geol. Survey, vol. 15, p. 360. 
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SOUTH SKUNK RIVER ARTESIAN BASIN. 


The lower portion of the valley of South Skunk river and its 
more important tributaries, including practically all of the 
present flood plain, the terrace known as the ‘‘second bottom,”’ 
and in places the lower slopes of the valley sides, form an irreg- 
ular artesian basin, ranging in width from one to four miles 
and extending from the middle of the west county line to the 
middle of the south county line. Nearly all the wells in this 
basin range in depth from 250 to 350 feet and are supplied by 
the same aquifer, the Saint Louis limestone. T'wo of the wells 
however, are shallower. One on the farm of Bert Furch, six 
miles west of Newton, in section 34, T. 80 N., R. 20 W., is but 
150 feet in depth, and is reported to end in ‘‘a crevice in rock,’’ 
probably limestone, has a natural flow of three-fourths of a 
gallon a minute and a head of 20 feet above the valley floor; 
the water is not reported as mineral, but simply as ‘‘hard,’’ 
and is in general use for domestic and farm purposes. The 
other well, 163 feet deep, is on the farm of John Raitchner, two 
and one-half miles southwest of Metz; the flow comes from sand- 
stone at a depth of 150 feet, and the well yields one and one- 
quarter gallons a minute under a head more than 10 feet above 
the valley floor; the water is reported as only slightly mineral. 

The deeper wells are generally less strongly mineral than 
the Colfax wells (see p. 861), but none are cased through the 
Des Moines stage, and all probably receive a mixed supply of 
water. Detailed data of several of these wells are presented 
in the table of typical wells (p. 868). . 


Near North Skunk river in the southeast corner of Malaka 


township is a small area in which several wells yield small flows. 


under low head. Two of these wells are on the Riverside stock 
farm in section 35. 


COLFAX MINERAL WATERS. 


The Colfax mineral water was discovered in 1875 by parties 
prospecting for coal. The drill, located on the south bank of 
South Skunk river about a mile east of town, had reached a 
depth of 315 feet when water began to flow from the top of the 


UNDERGROUND WATERS OF THE CENTRAL DISTRICT 859 


hole. Drilling was discontinued, and this coal prospect hole be- 


came the first of the ‘‘mineral springs’’ which furnish the water 
now so widely known as Colfax Mineral Water. Since the 
original well, known as the ‘‘Old M. ©. Spring’’ or the Colfax 
Hotel well, was put down, at least 14 other wells have been 
sunk to depths differing but slightly from this one and all ob- 
taining a very moderate flow from the same aquifer—the Saint 
Louis limestone, of the Mississippian. Some of the wells are 
four inches and others six inches in diameter; the diameter of 
some is reduced to two or three inches at the bottom. 


Until the fourteenth well was drilled, in 1905, no record was 
kept. The driller’s log of this well, as recorded by the owner, 
C. W. Mills, is as follows: 


Record of artesian well at Mills House at Colfaz. 


(Drilled by M. Neff.) 

















“Thickness, Depth. 

Feet Feet 

SPITE SELIO C1A Yass te ee en ce ecm wees 33 33 
Sand and gravel (heavily water bearing).-..-..._-.-.__-_.___---_-__-_-_-----__._.. 28 61 
ha it - Sealife 2 SEA ee ES a ee ee ee Cee 1 62 
te GAGS) I eS ES san Re ee en 380 92 
eh A ae i eS a eS eee ee ee eee ees 14 934 
rr en a ee Or a 8h 102 
yn ain tele A EEE ey en fe a Ee Se oe a eee 4 106 
ayy UNE EE) SRI SS ay alee ee a Se ne ee ee eee 6 112 
EIEIO UL LOL) ODORTINE ue an eee en ke oem en todo niece co cdawee nn 40 152 
PPM EHIU TRU AIO) 2). nto ceee cn caoase poe neces recat cues asaeanandieaaneocaumecunes 10 162 
a re ae een pk onan erennamiektoeten santos anect 40 202 
Peeamewrite, porous (water bearing)--—-...2.-._......... eae 4 206 
a ew en pea ee aneen- taneinmawna ano cecemonaas 1 207 
RR cl eee Se eee aa an panne na webennaninata cme aaa anomie 20 227 
GE) Re a eS ee ee ee 10 237 
as Si EEE ES a a a ee 15 252 
I an oan eee Oe eae ea anne een naan on asen eA ae al 253 
DERIROMINC GL Cle DORUIN GS) os 2cee =o ose oeeenoec een ouscsseenes sa nweced Sameer nase] 30 283 
Magnetic rock (?)-------------------------------------—---------------------------- | 7 290 
Chert, white -...-...---------------------—----------—_------------ —-—-------------- pb 302 





To a depth of 61 feet the formations are Pleistocene; from 
61 to 283 feet they belong to the Pennsylvanian series (Des 
Moines stage); the lowest formation is probably Mississippian 
(Saint Louis limestone). 

The natural yield of the wells has decreased as the number 
of wells has increased, the maximum now being about three 
gallons a minute. The intimate relation of the wells is shown 
by the fact that when the Colfax Bottling Works well was flow- 
ing at the rate of eight gallons a minute, before casing was in- 
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serted, the Mason House well, near by and up the slope from 
it, practically ceased to flow and all other wells were somewhat 
weakened. 


The log of the Mills House well harmonizes with the various 
reports given from memory by those who had most to do with 
the earlier wells. all placing the mineral-water aquifer at be- 
tween 285 and 315 feet below the surface. The samples pre- 
served by Dr. Turner of the water-bearing rock of the fifteenth 
and latest well—that of the Turner Sanitarium—are of hard 
magnesian limestone. All of these facts indicate the upper 
limestone beds of the Saint Louis limestone as the mineral-water 
horizon. 


Several other aquifers are reported in each of these wells, 
including the sand and gravel bed at the base of the drift, and 
one to four of the sandstone layers of the Des Moines stage 
(Pennsylvanian). Not only must the water from these upper 
formations be cased out, but the well must be carefully sealed 
by means of a seed bag or rubber packing about the base of 
an inner and smaller tube put down to the aquifer itself in. 
order to obtain the proper mineral flow. Although the sympa- 
thetic variation of many of the wells indicates a uniform source, 
a fairly decided difference in the taste and color, especially 
in those of a sulphurous character, suggests that some of the 
wells may draw a portion of their supply from the Pennsyl- 
vanian rocks, the lowest of which is reported as causing an 
artesian flow in at least one well. 

The rise of the water above the surface varies with the eleva- 
tion of the well site. The highest level reported, 17 feet, has 
been since reduced by the drilling of new wells. Probably the 
water of none of the wells will rise more than eight or ten feet 
above the surface, and some of the wells on the hillside have 
ceased to flow except as piped out below the surface to a lower 
level. | 

It is an interesting fact that:the surface relations are so deli- 
eately adjusted that changes both of flow and pressure are af- 
fected by the changes of the weather. The decrease of baro- 
metric pressure before a storm brings an increase of flow and 
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pressure from the wells, which is easily noticed in certain wells 
carefully controlled by bottling machinery. Especially hard 
storms produce a milky or oily color, such as water ordinarily 
earries after standing in the open air, and the water tends to 
*‘sour’’ more quickly than usual; both facts indicate loss of the 
natural supply of CO. with the lessening of the atmospheric 
pressure. 

A complete list of the mineral wells in the town of Colfax, 
together with the fullest data obtainable, is presented in the 
following table.‘ The results of chemical and sanitary studies 
of the water are discussed on. pages 191, 266, 267, 273, 274. 


Statistics of the Colfax mineral wells. 














cS) 
AY ae) 5 
ES 2 oe 
a SP ile Buble as 
f =| ° 8 o on 
Owner Location S) es as] # Remarks 
hi re a} g8| 8 
3 ao else 1) 2 
o o 5) VS Ae 
pH a) A | a fa) 
Gal- 
lons 
a 
min 
Feet | Feet | Feet | ute. ‘ 
mom Ooltax --=.|] mile east of Col-} 1875 | $25 |-.—|---___|_---.. Old 44M. Oo. Springs’ 
fax. Former discharge, 3 


gallons a minute. Dia- 
meter, 8 inches. Ourb 
12 feet above level of 
Chicago, Rock ITsland 
& Pacfiie Ry. Temper- 
ature 54 degrees. Water 
bed at 306. 
Colfax Bottling Second bottom, 134} About |300 35 +6 2+ |Diameter, 3 inches. Form- 
Works. blocks southeast} 1880 er flow 3 gallons a min- 
of plant. ute. Curb 10 feet above: 
level of Chicago, Rock 
Island & Pacific Ry. 
“First water at 140 
feet, head 25 feet below 
curb; seaond ‘water at 
225 feet, head at sur- 
face; third water at 245. 
feet, all cased out.” 
Bottled and sold. 
Grand Hotel Sani-|__..........-....___ About |2if— |-..... |= 1 2 No flow. Former head of 
tarium, 1880 6 feet has fallen to 1 
foot below curb, and 
well is now pumped by 
hand. Curb 36 feet 
above level of Chicago, 
Rock Island & Pacific 
Ry. Diameter, 4 inches 
and 3 inches. Used for 
medicinal and _ table 
purposes. 























18ee also Norton, W. H., Artesian wells of Iowa: Rept. Iowa Geol. Survey, vol. 
6, pp. 293-294. Also Williams, I. A., Geology of Jasper County: Ann, Rept. Iowa 
Geol. Survey, vol. 15, pp. 307, 363-366. 
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Statistics of the Colfax mineral wells—Continued. 











Owner Location 


Year completed 
Depth 
Depth to rock 


Remarks 


Head above or 
below curb 


Discharge 





Mason House 


D. O. Frye & Oo. 
(Ine.). 


Prrox-Collax .OGrs|. 92) ee 


Town of Oolfax 
city park. 


The Centropolsigaes|aaceeese essence e 


| 
Thos. E. Jordan... 


Corner Montgom- 
ery Street and 
Broadway. 

Colfax Bottling At plant 
Works No. 2. 





Hotel Oolfax No. 2/------.--.. Fen eg ge oes 
Victoria Sanitarium }|~---.---.-.-.---__._ 


Feet 


1881 (357 


1882 (315 


1890 





300 200+ 


ee mee - 








1901 {300 


Bie a oo 294 
1903 = |391 


Feet 


Diameter, 4 inches. Temp- 
erature 54% degrees. 
Curb 2 feet above level 
of Chicago, Rock Island 
& Pacific Ry. Used for 
baths, table, and med- 
icinal purposes. 

Diameter, 3 inches. Ourb 
3 feet above level of 
Chicago, Rock Island & 


+8 2 





Pacific Ry. Tempera- 
ture, 51 degrees. 
Pumped by rotary 
pump, 5 gallons a min- 
ute. Bottled and sold 





for medicinal and table 
purposes. Water bed 
at 310. 

14 |Flow decreased from 3% 
to 14 gallons a minute, 
and head from 12 to 10 
feet. Diameter,4 inches. 
Odor more sulphurous 
than others. Bottled 
and sold for medicinal 
and table purposes. 

Decrease of flow from 4 
to 3 gallons. Diameter, 
4 inches. Temperature, 
52 degrees. Level with 
Chicago, Rock Island 
& Pacific Ry. 

......|Used for medicinal pur- 

poses and for bathing... 
Sold to patrons. 
14 |Decreased from 2 to 1% 
gallons a minute. Bot- 
tled and sold for medi- 
cinal and table pur- 
poses. 

Diameter, 3 inches. Flows 
without control. Used 
only watering 
stock. 

Decrease of head from 20 
to 18 feet. Diameter, 4. 
and 2 inches. Other wa- 
ter at 150 feet and 225 
feet. Curb 3 feet below 
level of Chicago, Rock 
Island & Pacific Ry. 
Flow increases after 
being shut off for some 
time. Bottled and sold 
for medicinal and table 
use. Water bed, lime- 
stone. 

“Second M. ©. well.” 

Flows from pipe through 
hillside. Used for medi- 
cinal purposes and for 
bathing. Sold to pat- 
rons. 


+10 


3 





3 
for 


5 


13 
z 
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Statistics of the Colfax mineral wells—Continued. 

















3 4 | 8 

tS 8 | of 

: = | 28| & 

’ Owner Location ° eR Fe to 5 Remarks 

S, 4/4/32] 4 

as oe eee 

iH ran ae B= A 
Gal- 
lons 
a, 
min 

Feet | Feet | Feet | ute. 

Turner Sanitarium. |Side of hill _---.___ 1906 865 bts Oa ae ‘Diameter, 4 to 3 inches. 
Curb about 36 feet 
above level of Chicago, 
Rock Island & Pacific 
Ry. Heavy water at 235 

| feet. Water lift. Used 
| for medicinal purposes 
and for bathing. Sold 


to patrons. Water bed, 
porous magnesian lime- 
stone. 
o> foul ae 1905 |291 95 |+5 3 |OCurb about 22 feet above 
level of Chicago, Rock 
| Island & Pacific Ry. 
Temperature, 534 de- 
grees. Ourb sunk into 
5-foot pit for better 
flow. Pumping Turner 
well while drilling de- 
creased this flow. Used 
for medicinal purposes 
and for bathing. Sold 
in bulk to patrons. Wa- 
ter bed, limestone. 





























CITY AND VILLAGE SUPPLIES. 


Colfax—tThe public supply of Colfax (population, 2,524) is 
drawn from the coarse gravels underlying the flood plain of 
South Skunk river, by means of a series of Cook well points, 
six inches in diameter and 36 feet long. The sands and gravels 
are reached at a depth of 23 feet and are overlain by a heavy 
black clay. The water stands between five and 17 feet below 
the surface in these points, and is pumped by steam into a steel 
standpipe, 13 by 80 feet (capacity about 92,000 gallons). This 
standpipe is so situated on the bluff that the base is about 160 
feet above the source and the main portion of the town. From 
it the water is distributed by gravity through about two miles 
of mains. The pumping capacity is about 750 gallons a minute, 
and about 60,000 gallons are used daily. The domestic pressure 
of about 80 to 104 pounds is sufficient for fire protection, except 
in the residential section in the bluffs, where direct pressure 
may be used if necessary. Owing to the fact that this water 
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forms a rather solid scale in boilers, the railroads and the 
boilers at the pumping station use river water for steam making. 


Kellogg.—rThe public water supply of Kellogg (population, 
610) is from two drilled wells 120 and 160 feet deep, drawing 
their supply from the shales of the Des Moines stage and the 
underlying limestone, respectively. 

The water of the 120-foot well is pumped by windmill, and 
though the head is but 30 feet below the surface the supply is 
seanty, a characteristic common to all shale wells. This well: 
is used only as a reserve supply. 


The 160-foot well is much stronger, but the waren is some- 
what roily, probably because of improper casing in the shaly 
beds. The well is pumped by gasoline engine, the water being 
forced to a cistern on the hill about 50 feet above the level of 
the town. This cistern is 10 feet in diarneter and 20 feet deep 
and is walled with brick and cemented. From this reservoir 
the ‘water is distributed through a four-inch main about one- 
fourth mile in length to four fire hydrants and 20 private taps. 


Most of the private wells in the town are either open or driven 
and range in depth from 25 to 35 feet. The gravels at this 
depth are open but grade into fine sand above, overlain by 
yellow clayey alluvium and deep soil. The supply is abundant 
and the water exceptionally good for use in boilers. No treat- 
ment is required before it enters the boilers, only a slight flaky 
seale or soft white precipitate being formed. The Gould Balance 
Valve Company and.the Patten Grain Company use the water 
from driven-point wells. . 

Newburg.—Practically all wells in Newburg (population, 200) 
and in the extreme northeastern corner of the county are dug or 
bored in the drift at various depths. 


The railroad supply comes from four 26-foot wells in a ravine 
below the town. The best supply comes from gravels in the 
lower part of the Kansan drift. 

Newton.—The water supply for the city of Newton (popula- 
tion, 4,616) is taken from ewht gravel wells on South Skunk 
river bottom, six miles southwest of the city, in the NE. 4 
section 13, T. 79 N., R. 20 W., 170 feet below the level of the 
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Chicago, Rock Island & Pacific Railroad station (elevation, 944 
feet above sea level). These wells were put down in 1904 by 
drilling to depths ranging from 43 to 56 feet, and then insert- 
ing in each hole an eight-inch strainer, eight to ten feet long, 
attached to the lower end of the casing. The wells are dis- 
tributed over an area of about 130 feet radius, and so connected 
that any number or all may be pumped at the same time. 

A pumping station, located at the wells, is equipped with a 
low-service suction pump, capacity 700 gallons a minute, which 
pumps into an 11,000-gallon reservoir, walled with brick, ce- 
mented, and arched over. From the reservoir two high-pressure 
duplex pumps, capacity 250 gallons a minute each, lift the water 
190 feet into the supply tank on a stone tower in the city. The 
tank has a capacity of 90,000 gallons and the tower is 56 feet” 
high, giving a domestic pressure from gravity of about 25 
pounds. The fire pressure is, however, direct and may be raised 
to 115 pounds. An eight-inch main leads from the wells into 
the city, and the 75 fire hydrants are supplied through six-inch 
and four-inch mains. Probably more than one-third of the 
population is supplied through over 400 taps from this source. 
The daily consumption is estimated to be 70,000 or 80,000 gal- 
lons. The meter system is in general use. 

The water is clear, abundant, and excellent, and is used for 

- all public and domestic purposes and very extensively by the 
manufacturing plants of the city and by the railroads. Slight 
scale forms in the boilers, and the supply has proved in all 
respects satisfactory. 

The city supply was formerly taken from two deep wells, de- 
seribed as city wells Nos. 1 and 2. 

_ City well No. 1, completed in 1890, is 1,400 feet deep and five 
inches in diameter, and the water stood 90 feet below the curb. 
Rock was entered at 90 feet and water was obtained at depths 
of 550 feet and 1,300 (?) feet. (See Pl. XV, p. 812.) 


The water of this well is described as a poor potable water 
and bad in its effects on boilers. It is apparently derived from 
the Osage stage (Mississippian), a short distance above the sum- 
mit of the Kinderhook (Mississippian), and is augmented by wa- 

55 
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ter coming in above the Maquoketa shale (Ordovician), which 
caved badly and caused the loss of a drill. As the drill could not 
be extricated, the hole was abandoned and a second was sunk a 
few feet distant. In this well also a drill was lost at about the 
same depth, and the attempt to carry the boring deeper was 
abandoned. In 1895 the supply was said to be abundant, con- 
tinued pumping failing to lower the level of the water; but some 
years later the well was given up and another sunk. 

City well No. 2, 705 feet deep and ten to eight inches in diam- 
eter, has also-been abandoned. The water in this well stood 50 
feet below curb, coming from a depth of 500 feet. 


Driller’s log of city well No. 2 at Newton. 


Depth in fone) 
Gravel +o 28 5 20s ona ba ence e cad eb ee eee econ somes Ee ae ee eee 70 
Gravel.and clay-.......2--.~2.5.--2o ase sens oe ee aoe 150 
Rock and shale.-.....-222-2 20 see nn cece ee ee eee on ee ee 172 
Shia) ye ee ea th See en eae * sein toes nin wre nye peewee Bee 202 
Rock, «white, shard..._—~.~..-- 214 
Limestone: “..2—-=--- 2. - 23-2 no ne Secon eee aanen meas sancti ee ee 240 
Through limestone.-..-...-..--~-25- seh er ee 470 
SHale® 2 vhee Se ow k ch a oo ee ee nec ae ee eee eee eee eee 500 
Limestone) 252 a ca 575 
Well completed _—--<-_- a s r ne 705 


Tt should be noted that the very scanty data for these wells 
seem to indicate that they stopped a good deal short of the main 
artesian supplies of Iowa, going little if any below the Maquo- 
keta shale. If any other deep wells are sunk they should be 
carried not only to a depth of 1,750 feet from the surface, where 
the Saint Peter sandstone should be reached, but to as great a 
depth as 2,050 feet in order to tap the still larger supply of the 
formations underlying that well-known sandstone. 

Prairie City—The water supply of Prairie City (population, 
764) was originally taken from a well 85 feet deep ending in 
sands and gravels at the base of the drift. The supply was 
ample, but so much trouble was caused by quicksand that it 
was found necessary to drill deeper and case the well through- 
out. During 1904 and 1905 the well was deepened to 390 feet, 
and the approximate record is given by I. A. Williams as 
follows: 
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Log of well at Prairie City. 























Thickness.| Depth. 
Feet Feet 

UE ete he oes 85 | 85 
Coal cad Balews ANG SANCStONCK. 622 nn eee ae eee ane on cec esteem casa ce 140 | 225 
D0 OY ee ee ee 65 290 
Badinions, BES ttes UN Re a Se ee Se a Se 2 292, 
LL se $y ERIS SERS RE ee a ee 63 355 
PPneeciciee. STAY, WMagnesian 2.2.2 ek Woe nn eee 35 390 








The limestone from 225 to 290 feet probably belongs to the 
Saint Louis limestone (Mississippian). This well was not used, 
as it was said to be impossible to shut out sand and mud in the 
Pennsylvanian (Coal Measures) at depths of 180 to 190 feet, 
though water was abundant below this level. 


The well in present use was drilled in 1905 to a depth of 390 
feet. The Saint Louis limestone was entered at a depth of 220. 
feet, and the water-bearing sandstone from which the chief sup- 
ply of water comes about 65 feet lower. The well is cased to 
the limestone with eight-inch casing; below this a six-inch bit 
was used and at the bottom a four-inch bit. 


The well is pumped by steam, and the head varies from 80 
feet below the surface to about 140 under the pump. 

The water is distributed by gravity from a 2,200-barrel tank 
elevated on an 80-foot steel tower, through about two and one- 
half miles of mains. The water used is chiefly for fire protec- 
tion, a few private taps taking only a few barrels per day in 
addition to that used by the 12 fire hydrants. The water is un- 
satisfactory for drinking on account of its mineral taste, and 
it is too hard for use in boilers. — 

Reasnor.—Reasnor (population, 250) is located on the bottom 
lands of South Skunk river, where sand point wells may be had 
at depths of 30 to 40 feet. Small flowing wells may be had in 
this vicinity on the river bottoms with depths of about 250 
feet to sandstone in the Saint Louis limestone, and good wells 


may be obtained at about half that depth in the Red Rock sand- 


stone. The town well, sunk only 30 feet on the flood plain of 
the river, flows slightly, the water probably being derived from 
the Red Rock sandstone. 
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Information concerning typical wells in Jasper county is pre- 
sented in the following table: 


Typical wells of Jasper County. 
































— 
Ad ° 
: 28 
: ° £ oe Remarks: 
Owner Location 2 5 Source of supply | ‘a= (ede piven Ae lack) 
v=) —_ boo) 
ae easy 32 
Q a se} 
T. 80 N., R. 18 W. 7 c 
(Kellogg). 
Feet | Feet Feet 
IDOWIMOL @ ISGHOR Lo) oe en ere 120 85 |Shale (Des Moines) |— 80 | A weak well. 
Do (5228s tk | 60. WO 4 Garbomiterotge at ae Water somewhat 
limestone. roily. 
Geo. B. Kelton_--_|1 mile southeast} 104 15 |Red Rock sand-|— 60 | On “bottoms.” 
of Kellogg. stone. Good. 
Ed. Oraven -------/1 mile north of] 245 | 200 |Limestone below |— 80 | Good farm well. 
Kellogg. shale. 
Gifford Rogers -_-.|3 miles north of| 174 | .----- 2200.2 See ee eee 
f Kellogg. 
A.B.) Orayen--+—6 miles north of] 2605) 2-2 lowes GG) a area Saree 
Kellogg. 
Voss Pierces= = -_ 3 miles north} 175 | 175 jOver limestone____|__--_- Good. Plenty. 
and 1: miles : 
east of Kellogg ; 
Ed. Mershon __.__- NE. 4 sec. 6_.-_. 325 | 317 |Limestone —__-_--- —100 | High hill. 
Albert Harrab --_-. SW..14 86.3 S6L0c2) Sb eee Sand +2202. 22 eee pate e Flows. No 
rock. 
T, 80 N., R. 17 W. 
(Rock Creek). 
A. J. Simpson ...- PSE eeeBOCs heecccen th gl ve alee Sandstone -_-.-._/—130 
TP OsSLON, , LR SIO! WW. 
(Malaka). 
Mrs. Cassie Preston|NE. % sec. 2---.} 300 |_----- Sand 22 3 = eee ee Sand interferes. No 
rock. 
Christ Wehrman -_|SW. 3% sec. 14_-__| 200] 160 |Limestone —-.-__-- —100 | Hard and mineral. 
To SlN. oles 18 wy 
(Mariposa). 
8; Morrison =2_-=--- NE. 2 sec. 34...) 254] 120 |Limestone. —_.--_- — 89 | Strong well. 
Henry Korf jal 22-2 Seg nak ee sees 400s ck || ee ee No water. 
Dore see eee Sue peewee 175 75 |Limestone ~___-_. — 60 ‘ 
T, SO N., R. 19 W. 
(Newton). 
Ly Mo Bakerscencen NW. 4 sec. 20---| 140 | 100 |Limestone  —_---_- — 60 | Strongly mineralized. 
T,. 79 N., R. 20 W. 
(Mound Prairie). 
L. A. Greenleaf_-__-- SE. 3 sec. 15___.| 360 | 100 |Sandstone __._---|— 56 | Hard water. 
G. W. Miller, ----_.- % mile east of} 300 i 4] ELS See eee ee os ae 2 + 9 | Flows 3 gallon a mn- 
Metz. ute. Slightly min- 
P eralized. 
John Kartchner ---.|24 miles south-| 163 50 |Sandstone (Des/+ 10] Flows 1% gallons a 
west of Metz. Moines), minute. Slightly 
mineralized. 
Mrs, M...L.) Slaugh-jSec. 8 ‘s<...<..45 337 | 100 |‘‘Gravei” {?)___..|+ 17 
ter. . 
T. 80 N., R. 20 W. 
(Sherman). 
W.. J. Leeper______. NE. % sec. 2_.-.. 159 30 j|Gravel -_--...--..|+(?) | Slight flow. Mineral. 
Lawson Walt ------ SW SOC. TGS 904 ie eee pee ee ee eee — Mineral. 








1For Colfax mineral wells see table on p. 861. 
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Typical wells of Jasper County—Continued. 
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Lal 
td ° 
° 2 
e eS 
° roy Remarks: 
Owner Location y 4 Source of supply ae (Logs given in feet) 
e| 8 33 
a A a0 
Feet | Feet Feet 
mepueiiuren ...-.-__|Sec.. 34 —......-. 150 50 |“‘Solid rock’? --..|+ 20 |\Flows #3 gallon a 
; minute. Hara, 
BE. W. Bodley_-_-----|NE. 3% sec. 26_.-.| 90 40 |Sandstone —_---..|— 30 
Tes N., R. 21. W. 
(Part of Des 
Moines). 

R. W. Brubaker_---|NE. 4 sec. 36_--.) 376 | 140 |Limestone -_----- —150 | Abandoned. Very 
weak well. 

ea. 2.20 W. 

(Parts of Des 
Moines and 
Fairview). 

Sam Scharf ----.--- NE. % sec. 36_...| 268 95 |Sandstone ------- —137 | Strong well. 

S. F. Oldham____-- Grp aaeCn ookete | won) |e LOUmleees ClO et caer aoem —125 | Strong well. Fine 
water. 

Jas. Fouche -—__._- Sita! S002. 95 ete es0 beeen Sandstone: 222--—.|t <--=- Good well. 

Ttew., RB: 19-W. 

(Parts of Fair- 
view, Elk Creek 
and Palo Alto). 
Robt. Marshall ----/6 miles east of] 209 |_---_- PRE e TG? (2S ee, —100 
Monroe. 

Je Oldham... Sect. 16) LL 52 ssl) 260 60 |Sandstone __---_-|+ 10 | Flow 1 gallon a min- 
ute; water slightly 
mineralized. 

Lester Vaugh ------ NeGiy Cor se mere Baloo RaQ tts GO! ane ee —160 | Mineral. 

Pomme wmegenor.. |...) ......-..--.. | 130 |.2--.=|2.-. Owais. + 24) Bottom land. Flows 
into tank at pres- 
ent; 1 gallon a 
minute. 

eee eOar Set 2l 2 ee Op O cee Sano WOk see — 25 

Chicago, Rock Is-|Monroe ~----.---.| 300 |_-----]|__. (of eek eee 2 BE _..-..| Seales boilers some. 

land & Pacific Ry. 

Oscar Binor =... 13 miles west of| 167 | 100 |Red Rock sand|— 67 | Good well. 

/ Reasnor, stone. 

Tere Nw, kh. 19 W. 

(Parts of Palo 
Alto and  Fair- 
view). 

George Lisle ____-_- Sec. 32 -.-------.| 252 | 117 /White sandstone.|+ 22 | Bottom land. Tem- 
perature 52 degrees. 
Mineral. 

George Lisle .___...(SW. 3 sec. 32____| 252 54 |“White sand”? -_.|+ 22! Flows 14 gallons a 
minute. Mineral. 

Jas. A. Oldham-___-jSec. 16 ~....--.. 260 60 |Sandstone ------- + 10 | Flows 1 gallon a min- 
ute. “Hard and 
salty.” 

J. M. Woodrow--_-|NE. 4 sec. 29...| 233 100 |... do ~-.-..____ + 8 | Minrai, similar to 
Colfax. 

Ree origes...... NB px 86020220 jae eee ee eee ee oe en heen HIG wing. Well, 

Bde Rose 22._....._. 5 miles south o1| 280] 100 |Limestone ~.-_...|+ 16 | Flows 1 gallon a min- 


Newton. 





ute. 
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MARSHALL COUNTY. 





BY HOWARD E. SIMPSON AND W. H. NORTON. 





TOPOGRAPHY. 


Marshall county lies immediately east of Story, the central 
county of the state. Though its prairie plain does not, to the 
casual observer, differ materially from that in other portions 
of central Iowa, the careful student will recognize in the topog- 
raphy as many as three distinct types of plain, the distinctions 
being chiefly the result of differing periods of time during which 
running water has worked upon the till. 

The youngest drift, the Wisconsin, overlaps a narrow strip 
on the western edge of the county, varying in width from prac- 
tically nothing on the southern border to three and one-half 
miles on the northern border. Here is found the knob and ket- 
tle topography characteristic of terminal moraines, though in 
rather subdued form. Small ponds and sloughs are common 
and the region is generally one of poor and undeveloped drain- 
age. The area does not exceed 50 square miles. 


Almost filling the triangle in the northeast, separated from 
the remainder of the county by Iowa river, is an area of drift 
of Iowan age. The slight sag and swell topography and the 
lack of marked stream dissection away from the master streams 
indicate the topographic youth of the area, though the lack of 
ponds and undrained tracts suggests a later stage of dissection 
than the Wisconsin. This area contains approximately 100 
square miles. | 

Except for the Iowa river valley, the remainder of the county, 
nearly 400 square miles, possesses a more undulating topography 
in which stream valleys are broad, divides much more clearly 
marked, and drainage complete. This area covered by the 
Kansan drift is, therefore, in topographic maturity. 

The broad, flat flood plain of Iowa river is the most striking 
topographic feature of the county. On the valley floor the river 
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meanders widely and from it many smaller flat-bottomed val- 
leys extend to every part of the county save the southwest 
corner, which is drained to the south by tributaries of North 
Skunk river. 


GEOLOGY. 


All the country rock of Marshall county is of Carboniferous 
age. Underlying the entire county is a thickness of about 150 
feet of the Kinderhook stage, consisting chiefly of a heavy lime- 
stone overlain by thin shales and underlain by thin sandstone 
and shales. Overlapping this in the western two-thirds of the 
county lies the Des Moines stage, consisting here chiefly of shales 
with some sandstones. (See Pl. XI, p. 458.) 


The general surface relations of the drift sheets have already 
been indicated. The depth is variable, but in the uplands 100 
to 200 feet is common and 400 feet has been reported. This 
latter thickness is so great as to indicate a preglacial channel. 
The Kansan drift, everywhere present, is the most important 
of the superficial deposits, but distinct evidence of the earlier 
Nebraskan drift is found in the presence of a dark blue-black 
till in places beneath heavy beds of sub-Kansan sands and 
gravels which are evidently of Aftonian age. These gravels 
are reported in beds locally 30 feet thick. 

In many places between the later deposits and the Kansan 
are found other sand and gravel beds of Buchanan age. These, 
however, are thinner and less important than the Aftonian ex- 
cept in the stream valleys, where, as valley trains, they underlie 
and are interstratified with alluvium. The Jowan till in the 
northeast and the Wisconsin till in the west overlie the Kansan. 
The Iowan is very thin and relatively unimportant, but the Wis- 
consin, because of its morainal character and undeveloped drain- 
age, has a marked effect on ground-water conditions. Through- 
out the Kansan area and in places underlying the Wisconsin is 
a mantle of yellow loess passing below into sand. As this 
reaches thicknesses of 15 to 20 feet over some portions of the 
uplands it is of importance in shallow wells. 
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The alluvium which fills the Towa valley and the narrower 
valleys of all the larger creeks of the county includes extensive 
valley train deposits, chiefly of Buchanan age. 


UNDERGROUND WATERS. 


SOURCES, 


The gravels of valley trains of Buchanan age and those be- 
neath the drift and interstratified with it form the chief sources 
of the abundant waters of the alluvium. Though not so pure 
. as those of the deeper drift and the rock, these waters are not 
often seriously contaminated, and their abundance and softness 
render them especially valuable. The public supply for the city 
of Marshalltown is drawn from the alluvium. 

The drift beds are so numerous and in general so prolifie of 
good water that they form the chief source of supply for Mar- 
shall county. Dug, bored, and drilled wells reach all the sub- 
horizons at such different depths and with such different re- 
sults that it is usually impossible to identify the age of the water 
bed. Depths of 30 to 40 feet are most common and, in general, 
the greater the depth the greater the supply. For domestic pur- 
poses very shallow wells suffice and are satisfactory if not con- 
taminated from the surface, but for stock many of 100 to 250 
feet are drilled with good results. In many of the deeper wells 
the Aftonian gravel is the water bed. 

Owing to the lack of drainage shallow wells on the western 
margin of the county may find water closely akin to surface 
water in the Wisconsin till. 


The Iowan till is too thin to afford any important source of © 


water for even the shallowest wells, but the loess attains depths 
of 15 to 20 feet in many places.on uplands, and its sandy base 
forms storage for shallow ground waters. Formerly this base 
was more important, but drainage and cultivation have gener- 
ally reduced the ground-water level far below it, and it can now 
be used only by the shallowest wells and is very susceptible to 
drought. 

Where the Buchanan gravel underlies the loess and the later 
till sheets on the upland in scattered patches, it is unimportant, 


oe 





r 
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but where associated with the alluvium it forms an important 
source of water. 

The Kansan till is very thick; open wells sunk into it expose 
so much surface to seepage and small veins and afford so large 
a reservoir that it is one of the most important sources of water. 
A few gravel and sand layers furnish bountiful supplies, but, 
in general, wells to it are easily pumped out and are liable to 
fail in extreme drought. 

Wells reaching the Aftonian gravel are abundantly supplied 
with the purest and most wholesome water. Depths of 100 to 
150 feet are not uncommon. . 

The Nebraskan drift is too vague and indefinite to be of im- 
portance. Sands and gravels below the Kansan or at the base 
of a pre-Kansan till suggest the Nebraskan, and are generally 
water bearing just above bedrock, as is any drift in such a 
position. , 

The shales of the Des Moines stage are so dry and the water 
they bear is so mineralized that the rock is valueless except for 
a few sandstone lenses from which excellent water may be ob- 
tained. Wells deriving water from these sandstones are com- 
mon in some parts of Marion and Jasper counties, but rare in 
Marshall county. Wells penetrating the rock in the western 
portion of the county are liable to find 30 to 50 feet or more of 
dry shale. 

Practically all rock wells in Marshall county draw their sup- 
ply from the Kinderhook stage, in sandy layers that generally 
underlie a heavy bed of limestone, which in turn may underlie 
a few feet of shale. Some excellent deep wells are had in these 
layers, though in many the water is not abundant. The flow is, 
however, very constant and not subject to drought. The water 
is generally hard, though pure and wholesome and excellent for 
- Stock. Depths of 150 to 200 feet are common. 


DISTRIBUTION. 


Two ground-water provinces may be distinguished in this 
county—(1) the Iowa valley floor, including the lower valleys 
of several of the larger creeks, in which the alluvium only is 
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used; (2) the remainder of the county, in which the drift and 
Kinderhook are used. 

Water in abundance may be had near Le Grande and Quarry. 
In the river valley the alluvial gravels supply it to driven wells, 
and on the adjacent uplands the shallowness of the drift, espe- 
cially to the north, brings gravel and sand beds near the surface, 
from which a good supply may be had at 30 or 40 feet or less. 
To the south, in Le Grande township, extreme depths of drift 
are found; 100 to 200 feet to limestone is common and 300 feet 
or more in drift wells is not unusual. The sand well of O. Beyn- 
gelson is 355 feet in depth. 

Rock wells 80 to 120 feet deep are common, but 200 to 300 
feet is not an unusual depth south of the river, where excellent 
water is obtainable. . Near the edge of the river bluffs the upper 
limestonés give rise to some fine springs. 

Near Green Mountain the greater depths of the drift make 
sand and gravel wells somewhat expensive and uncertain. Drift 
wells 100 feet or more deep are not uncommon, but the chief 
dependence for larger stock supplies ig in the limestone, where 
water is obtained at depths of 125 to 300 feet. The flow is 
in a few places scant for large stock supplies, but the quality 
is good. 

The alluvial gravels yield abundantly along the river bottoms 
at Liscomb, Albion, Marietta, and vicinity, in some places giving 
rise to flowing wells. A well on the farm of C. E. Asney, located 
on the Iowa river bottom, in section 35, Iowa township, was dug 
as an outlet for drain tile, but proved a flowing well. On up- 
lands near the river drift wells are most common at depths of 
30 to 50 feet, and the limestone supplies are unfailing, generally 
from depths of 80 to 200 feet. None of these villages are pro- 
vided with waterworks. West of the river in Marietta town- 
ship most of the deep wells are in drift and have depths of 200 
to 300 feet. Some reach limestone at similar or greater depths. 

In the Wisconsin drift area near Saint Anthony and Clemons 
shallow drift wells are generally relied upon. Driven wells are 
found all along the broad bottoms of Minerva creek and its 
southern tributary, which flows through Clemons. Excellent 
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water for stock wells is found in limestone at reasonable depths, 
100 to 200 feet being common. 

Near State Center wells 20 feet deep were formerly abundantly 
supplied with water; at present drift wells are more commonly 
50 feet and a few are 100 feet deep. Reports generally indicate 
the presence of the Nebraskan till below the Kansan here, 
but good beds of Aftonian gravel are few and, except in very 
deep drift wells, do not afford strong supplies. Not uncom- 
monly quicksand and mud are found above shales of the Des 
Moines stage, making drilling difficult. These shales are 10 to 
40 feet thick and overlie limestones; in only a very few wells 
is water found in thin sandstone beds at this horizon. When- 
ever a considerable quantity is desired drilled wells which draw 
their supply from the limestone at depths of 100 to 250 feet 
are put down. These are not very strong, but are constant in 
supply, three to 15 gallons a minute being common. 

At Rhodes and Melbourne shallow wells generally furnish 
abundant water from drift and alluvium. On all the creek bot- 
toms, however, good flows may be had. Three aquifers are re- 
ported at approximately 150, 200, and 250 feet. From the last, 
which underlies the Des Moines stage, a head of 27 feet above 
the surface is sometimes obtained. The water is mineral, closely 
resembling the Colfax water, and may come from the same 
aquifer, the Saint Louis limestone, although this has not been 
positively identified in this county. 

At Melbourne the brick factory well draws its supply from a 
lens of sandstone in the Des Moines stage at a depth of 230 feet. 
Other deep wells are in limestone of the Kinderhook stage at 
similar. depths. 

The well of H. Knoll, Sr., four miles north of Haverhill, is 
reported to draw water from a sandstone of the Des Moines 
stage at a depth of 170 feet. Near Van Cleve, Haverhill and 
Laurel limestone wells in the Kinderhook stage are common at 
depths of 200 to 300 feet. Drift waters are commonly used for 
small supplies, but these do not hold out in dry weather, as the 
location on the upland divide between Iowa and Skunk rivers 
is not favorable for shallow wells. 


” 
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Near Gilman and Ferguson bored wells to depths of 100 feet 
are common, and drilled rock wells are rare. A few stock wells 
on uplands draw from the limestone at about 300 feet. 


CITY AND VILLAGE SUPPLIES. 


Gilman.—Gilman (population, 480) hag a small waterworks 
system supplied by springs. The plant is owned by a canning 
company. An elevated tank supplies water to one or two fire 
hydrants at low pressure. The water is reported to be soft and 
of excellent quality. 

Marshalltown.—The water supply of the city of Marshalltown 
(population, 13,374) is drawn from the gravel beds underlying 
the flood plain of the Iowa river valley opposite the city near 
the junction of Asher creek (SH. ™% section 22, T. 84 N., R. 18 
W.). The water is collected by 40 wells, averaging 32 feet in . 
depth, arranged in a straight north-south line’ 50 feet apart. 
Twelve-foot Cook strainers are used on the bottom of a six- 
inch casing. The gravel immediately overlies the limestone im 
at least one well. The general section is reported to be as fol- 

lows: 


General section of Marshalltown shallow wells. 














‘ | Thickness | Depth 








LOQMY* SOU eet st oeet ere Bea ee tS ka Fc eh 4 


Gumbo (sss a fy el age 1g 53 
Gravel, .fine; “and Sand See oe i a eee eee 34 9 
Gravel, CcOars@: o25-0. 8 ee ee ee ee eee 4 13 
Sand;) ‘fhe, Wwhiktesa 22 see ee er es De 14 27 
imesbomne fo 2s a re ore Sa a eee 6 32 





All wells feed by a closed pipe into a two-foot main which 
leads across the river to the pumping plant on the south side, 
where a storage reservoir holding 1,000,000 gallons receives all 
of the water for aeration. At present rate of consumption this 
is replaced once each day. A low-service triplex Worthington 
pump draws the water from the reservoir for a distance of 
4,720 feet, discharging it by gravity into the pump well. 

At times the ground-water level in the field is reduced below 
the top of the strainers and, in order to avoid breaking the 
vacuum, suction is had through inner pipes inserted to the mid- 
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dle of the strainers. Even with this precaution, the vacuum is 
sometimes broken in case of drought, and then the consumption 
of water is limited, otherwise it must be drawn direct from the 
river through the intake provided for emergency. Such an 
emergency should be nothing short of a conflagration on ac- 
count of the foulness of this water. Means are provided for 
cleaning the well strainers by flushing back water through them 
under high pressure, this being done once each month to insure 
the best flow. 


Two Gordon duplex pumps, with an easy working capacity of 
5,000,000 gallons daily, supply the mains directly at an ordinary 
pressure of 65 pounds, which may be increased to 135 pounds 
in case of fire. This pressure at the plant is decreased about 
40 per cent in the business portion of the city. Twenty-eight 


miles of mains supply 200 fire hydrants besides many private 


consumers. 


The large number of rock wells in the city is supphed by the 
waters from the limestone of the Kinderhook stage at depths 
ranging from 75 to 200 feet, and when properly cased and pro- 
tected from surface contamination these deep-seated waters are 
of excellent quality and many are of almost ideal purity. They 
are superior even to the city water for domestic purposes and 
should be used wherever convenient to do so. The hardness 
of the water renders it unsuitable for boilers and many manu- 
facturing purposes, except after artificial softening. 

Excellent examples of the wells reaching this horizon are the 
two wells of the Iowa Artificial Ice & Refrigeration Company. 
The water is very hard but of almost ideal purity. The mineral 
present in all other waters of this vicinity found above bedrock 
is absent in this, and the ice manufactured from it is clear and 
brilliant. The two wells have furnished 75,000 gallons in 48 
hours without any apparent depletion. During the season 30 
tons of ice are made daily from this water, and large amounts 
are used in the refrigeration process and also, after softening, 
in the boilers. 

Supplies from private wells in the sands and gravels of the 
drift underlying the city may be pure and wholesome, but they 
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should be looked upon with suspicion because of the ease of 
surface and sewer contamination and should be used only after 
bacteriologic examination by competent authority. Such wells 
in rural regions are generally wholesome if properly guarded 
at the surface. 

All of the water obtained above the rock contains some car- 
bonate of iron, which, on standing, oxidizes to the brown hy- 
drated oxide of iron, and the water becomes milky and precipi- 
tates a brownish sediment. In all large supplies this may be 
removed by aeration, and for domestic use on a small seale it 
is not objectionable except to the esthetic sense. 

A prospect hole for coal and gas, drilled on the bank of Iowa 
river near Marshalltown (W. 14 NW. 14 section 25), has a depth 


of 1,020 feet. (See Pl. XI, p. 458.) Its curb is about 885 feet 
above sea level. 


Record of strata in prospect hole at Marshalitown. 








Thick- 
ness. 





Depth. 











Oarboniferous (Mississippian): ’ 
Kinderhook stage (320 feet thick; top, 885 feet above sea level)— 
Limestone, light gray; in fine sand; Many angular fragments of limpid} Feet Feet 
quartz at 68 feet 70 


or en oe a nn oe on oe rn ne or no ee a oo we ee oe ee eee 


Limestone, light yellow, compact, earthy luster; 3 samples_..-__..____-.___ 45 115 
Limestone, brown, crystalline, cherty at 115 feet..-___......--.-....-__ 30 145 
Shale, soft, light’ green, caleareous .-.— ae  eeeeeeeeeeeeee 175 320 
Devonian (300 feet thick; top, 565 feet above sea level): 
Limestone (?); no samples aS ae RR wie ee PPM ORS Soe oR 145 465 
Limestone, hard, brown-gray, and brown; id perupoet rapid effervescence; 
samples at 405 and 660. fect........-. <1... so, 155 620 
Silurian (305 feet thick; top, 265 feet above sea level): 
Dolomite, yellow, gypseous: and) Cherty.)=— << 2 eee noes eee eee 55 675 
Limestone, magnesian, brown, three samples; cherty at 675 feet_....._-_-__._ 99 770 
Dolomite, cherty, gypseous; mostly of white and translucent chert__..----_-__ 80 800 
Ohert,, white and’ translucent; ‘at. 2252.2 2 << on a cena eee eens eee ee 800 
No. sa8INDles) 25S ek ei ae wpe nee ee 75 875 
Limestone; rapid effervescence; drillings almost wholly cherty; some gyp- 
BUMS. 2° SATADICS oe ee ee ree winch a tS heen oe eee 40 915 
Dolomite, white, in powder; some chert and gypsum ~---_-~_~..-_-..----.---__.. 10 925 
Ordovician: 
Maquoketa shale (95 feet penetrated; top, 40 feet below sea level)— 
Shale, blue and green-gray; noncalcareous in sample at 925 feet..._._____.. 95 1,020 





Marshalltown is 890 feet above sea level, and, according to 
the boring just given, the top of the Maquoketa shale was found 
at 925 feet below the surface, or 40 feet below sea level. Had 
the boring been continued the drill would have entered the Ga- 
lena limestone within about 80 feet of the bottom of the drill 
hole, and considerable water might have been found in its 
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eracked and porous layers. The Saint Peter sandstone may 
be expected at about 550 feet below sea level, or 1,440 feet below 
the surface. The drill should encounter below the sandstone 
dolomites, more er less sandy, with interbedded sandstone 
layers, and below the dolomites well-marked water-bearing sand- 
stones. A very generous supply should be obtainable from these 
horizons by a well carried to a depth of 2,000 or 2,200 feet. 

The water at each water horizon above the Saint Peter should 
be analyzed, and it may be found advisable to drive water-tight 
casing to the Galena to shut out deleterious veins. 

By drilling several 8-inch or 10-inch wells and by the use of 
compressed air to increase tue discharge it may be possible to 
obtain a supply sufficient for a city as large as Marshalltown. 
The water will hardly be good boiler water, a matter of im- 
portance in a manufacturing town. A forecast, essentially the 
same as the above, was made for the city on the request of the 
council in 1899. - 

State Center.—The town of State Center (population, 898) is 
provided with a waterworks system, used chiefly for fire pro- 
tection. The water is pumped from wells into an elevated tank, 
capacity 60,000 gallons, whence it is distributed by gravity and 
direct pressure through a mile of mains to 16 fire hydrants. 
Only 12 private consumers use the water, and not more than a 
thousand gallons are pumped daily. 
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WELL DATA. 


The following table gives data of typical wells in Marshall 


county : 





Typical wells of Marshall County. 








Owner 





AS GSN. tus S WV 


(Linn; parts of 


Taylor and Iowa). 


[owa Artificial] Iee Co: 


Brittain & Oo. -_-..|---- do 


NOnrit te eOGtReaen. 22 = 


Marshalltown 





wer ee tee: 








Depth 


Feet 
TSS 


169 





Depth to roek 

Source of sup- 
ply 

Head above or 
below curb 


Remarks: 
(Logs given in feet) 





Limestone_| — 57 

















Strong well, hard 


water, but no iron. 
Water at 38, easily 
exhausted. Principal 
water bed 131 feet. 
Pumped by steam 
and used in manufac- 
ture of artificial ice. 
Softened for boiler. 
Heavy precipitate, 
indicating very hard 
water; curh 20 feet 
above Chicago & - 
North Western rail- 
way. Diameter, 6 
inches; temperature, 
52 degrees. Surface 
and yellow clay, 22; 
blue clay, 12; soft 
limestone, 60; harder 


' limestone, 94. 
Principal water bed, 


138; minor bed at 76. 
Pumped with steam 
suction pump with- 
out lowering. Hard. 
Used for general 
packing purposes; 
curb 25 to 30 feet 
above Chicago. Great 
Western railway. Yel- 
low clay, 24; sand, 4; 
blue clay, 40; sand, 
3; limestone (blue 
above, white below, 
streaked with hard 
layers), 79; shale, 
127 Diameter, 6 
inches; cased, 71 feet. 
A second well dupli- 
cates this; except 10 
feet shallower. 


Shaly lime-} — 80 /On slope 30 feet above 


Minneapolis and St. 
Louis railway; water 
bed in shaly limestone 
at 98. Pumps 15 gal- 
Jons per minute with 
little lowering. Diam- 
eter 4% inches; cased, 
71 feet. Yellow clay, 
20; sand, 10; blue clay 
41; limestone, 29; 
shaly limestone, 69. 
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Typical wells in Marshall Cownty—Continued. 















































1 u 
$ 3 oes 
" od 
Ba ete. ; ; ° a emarks: 
= Owner Location i a 2 a z (Logs given in feet) 
; Ble | 82 | 33 
o.| o oe o5 
A A Nn en) 
vey. Feet | Feet Feet 
x Machine Co.|___ do ___________....| 119 | 43 |Hard blue |— 9 |Curb 10 feet below Chi- 
in limestone cago Great Western 
railway, on Linn 
creek bottom. Water 
bed 100 feet. Minor 
bed at 25, in sand. 
Pumped by steam, 
lowers to —23 feet. 
Clay, 20; sand and 
blue clay, 28; blue 
and gray limestone, 
ui Diameter 6 
‘ inches, cased 43 feet. 
ener oe AO) (eens Seer ee 70} 20 |Limestone-| Water bed at 67 feet. 
i, SSeS pace OO eee eee ancabe |). 2 SH }oa= Gls =: Water bed at 50 feet. 
Bwaro Mmchool|..2. GO: <=-2s-25-2.-<=5) 145, Chia een 6 (0 ek ee 
98 G0: ee does. 
8&6 Lay JN eRe eae lo eens 
79 CH eae (Coe in 
PSO EED edo sued 
TOGHINEN GS. See (do ee ins 
300 | 19 |____do __--|_ 39 |10 other wells similar, 
except average 200 
> feet deep. Curb 6 feet 
: above Chicago & 
: North Western rail- 
way. Second bottom. 
Open wells all 
through limestone. 
3,000,000 gallons have 
been pumped in 24 
tours. Used in manu- 
facturing glucose. 
Diameter 4 inches; 
eased, 20 feet. Soil, 
4; yellow clay, 14; 
sand and gravel, 1; 
limestone, 180; shale, 
«iS blue and buff, 101. 
Pre nany (= =2—-. gene: east of Al-| 154 120 |---- do ---_|—100 |Very strong flow. 
ae i ion. : 
. Kokel --------|2 miles northeast of| 110 10: (2S AG eelit es 30-gallon test lowered 10 
7 is Marshalltown. feet. 
Beeson__------|3 miles north of Mar-| 128 §8 |Gray lime-|— 99 |Good and strong. Not 
: 1 shalltown. stone. : lowered. Yellow clay, 
45; blue clay, 43; 
: £ limestone, 40. 
{ Pee kh WY 
(Marion). 
Wallace__-_--. North Green Moun-| 190 | 170 |Limestone_|____]Water bed in sand with 
tain. wood at 100. 
Mapeem art. —---- 8 miles northeast of; 198 | 198 /Blue sand -|— 8&0 |Chief water in 30-foot 
as Marshalltown. bed of sand. 
paGyenes----2-|4) miles. east Of Mar-|) 246 |_..--|Sand@...2-|_2 No rock. 
shalltown. 
kley ----------|4 miles east of Mar-| 303 | 300 |Oolite —140 |Strong well. Water 
-shalltown. limestone. hard. Yellow clay ,90; 
blue clay and muddy 
sand, 210;  oolitic 
: limestone, 3. 
ch ee 1 mile northeast of| 162} 150 |Limestone_|—100 |Very strong. Yellow 





Marshalltown., 











clay and sand, 60; 
blue clay and sand, 
90; limestone, 1¥. 
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Typical wells in Marshall County—Continued. 



































or taal 
rs =} e 
° a ee 
° ‘S 55 
Owner Location ey 5 
r=! a 5) ge 
a = 5B a 
ala a” |g2 
Feet | Feet Feet 
Ts, USSNe ake. LT Ws 
(Le Grande). é 
Col. Dougherty ---_/2 miles north of Le} 92 9 |Limestone- |— 80 
Grande. 
Di Elolkens cose se SH. 2 ‘set. (22a eee 806 | 300! Soft Nme|—140 
stone. 
F, B. Brenecke_-_--- 2 miles north of Fer-| 562 | 408 |Shale and |—180 
guson. sendstone 
O> Bryngelson -...|Le Grande =... $05) teecece! Sands ess —135 
Peerarem: (ee eose AO! costo cn eee On ae eee ---~ G0 <3. |—187 
a en Lan Seee cee a oeee gana COD chee atone eee 232 | 225 | Limestone. |—132 
De Wolken’ (=... een dO (Se ae 806 | 300 |_-.. do -_..|—156 
Soh ee iper ooo Sean AO) Sa dsacesea ae $25 "| coe Sand] —150 
Us ids a Motee ce prea § (0 Pye Sees om 280 | 120 |Limestone |— 40 
and shaie. 
T. 83 N., BR. 18 W. 
(Timber Creek). 
John Goshon --..--. 34 miles south of Mar-} 281 | 120 |Shaly lime-|—100 
shalltown. stone. 
H, Knol eeer. meneee 4 miles northwest of| 170 | 130 |Sandstone-_|----.. 
Haverhill. (Des 
Moines). 
J. F. Cooper_._-_---_.|Northeast Haverhill.| 183 | 120 /Shaly —120 
limestone. 
Ohas. Lodge —2-222 6 miles southeast of} 260 |___-__ Gravel and |—120 
Marshalltown. sand. 
T. 82 N., R. 18 W. 
(Jefferson). 
T. Breekweg --.-...- ety south of Haver-| 180 | 140 |Limestone_|—110 
ill. 
Do 82 Noe aie 
(Green Castle). 
Chas. Coulbrom ...|N. %& sec. 82 --..--._._ 808 | 207 | Oolitic —140 
limestone. 
ey op a Newt Loans 
(Washington). 
Jakes ELaTit yo oe 2 miles southeast of} 210 | 132 |Limestone |---... 
Lamoile. and shale. 
H. ‘Mesinessa 52-202. 2 miles west of Lu-| 286 140 |_._. do --..|—140 
vay. 
1, 82" Noon ted We 
(Logan). 
Poffamburger & NEG e 80s (boi seeaeeee 231 | 190 jSand in —130 
Walker. shale(Des 








Moines). 








Remarks: 
(Logs given in feet) 


Hard rock exposed in 
Le Grande quarry, 
near by. Strong well. 
Water very hard. 
Yellow clay, 9; lime- 
stone, 83. 

Lowers 100 feet on 
pumping. Yields 5 
gallons per minute. 
Yellow clay. 60: hlue 
clay, 190; quicksand 


est of 5 gallons tow- 
ers water 20 feet. 
Yellow clay, 35; blue 
clay, 85; sand ana 
clay, 70; blue clay, 
110; soft shale, 108; 
slate and limestone, 
40; shale and sand- 
stone, 114. 

No rock. 

Do. 


Do. 


Not a strong well. 


Pumping 5 gallons a 
minute lowers water 
50 feet. 

No rock. 


First water bed at 140. 


Strong flow. 


Used in manufacture of 
brick and tile. 
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i Typical wells in Marshall County —Continued. 
o | a4 ry 3 
28 Oman 
5 al pe on R k 
° ro) a emarks; - 
wher, Location S o 2 | oe (Logs given'in feet) 
Bie | 2a | 83 
a =) nN q 
Morisset NM, Ai SG2* Toca 258 | 205 \Shaly —150 |Capacity 10 gallons a 
limestone. minute without lower- 
Pe ing. 
R. 20 W. 
‘ State’ Center). 
_ Bishop -------.|6 miles southwest of) 232 | 190 |Limestone_|—140 
‘ State Center. ise 
eckergee = 5-2. Wisl $M seChe lb vee 2b) 1822 do!s-2|2-~--— 3-inch vein; no sand or» 
i sediment. 
Lehman ---_ |NW. 3% sec. 15--------| 109 |__--_.|\Sand and |— 18 |Good gravel well. No 
gravel. rock, 
= Miata, Centeneeeesee =p agtOn ee 1. Oe l=eene Pumps dry 13 hours, by 
steam, 
Nise tea 19 W. 
Marietta). 
E. Tomlins_....|S. 4 sec. 22--------_- alle.) Mae adhd Pe No rock, 
_Monninger 4 ee 5 miles southwest of] 320 |______ Gravels __|------ Strong water in sand 
; lbion. and sand. at 800. No rock. 
N., R. 20 W. 
% Liberty). 
meancdrewsi 22-=.|SE. 4 .9ee, °22..-..-2. 223 | 180 |Limestone_|— 80 | Yellow clay (seep 
: water), 30; blue clay 
(streaks of sand with 





little water), 143; 
soapstone, 30; shaly 
limestone, 5; lime- 








By 4 prone s blue and hard, 
ipmith. 92 |SW. 4 see) 4... 2-0-4" OSG. ogee Hee 0.2. t |e as,.=H } 
alice ING. se sets, [4c 8) 1828159) 2 do 221 --|No -shales; 
WN.) R. 19 W. 
or; parts of 
SS ted and Liscomb)| ~— 
aa J. Browpz_--.|SE. 2% sec. 9_--____--_| 180 100 |Limestone-_|------|Very strong vein im 
} erevice in limestone. 
Yellow clay, 35; blue 
\ clay, 55; sand and 








gravel (seep water), 
10; blue clay, 100; 
sand, 20; blue clay, 
105; shaly, light col- 
ored rock, 25; hard 
limestone, 10; quick- 
sand (?), 38;  lime- 
stone, 2. 
NW. 3% sec. 35_---_--_| 208 | 204 |__-_ do ----|— 40 |Yellow clay, 30; sand 
; p and clay, 10; blue 
clay, 35; sand, 10; 
blue clay, 65; sand, 6; 
blue clay, 99; soap- 
stone, ~85; ~coal,, 1; 
white clay, 2; lime- 
stone, 10. 





pArney —2_- 
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Typical wells in Marshall County—Concluded. 











| 3 
By 8 eae 
Se eae eee 
oo ° 
uve ° iS) tay Remarks: 
Owner Location 2 % ae (Logs given in feet) 
aq gq o come) 
we — Lol B = 
e aoe sa | O38 
Q A R ae) 
T. 84 N., RB. 20 W. 
(Minerva). 
Henry, Busse) 25-2 --. SW. 4860. 13222 ee 865 | 825 |Limestone_|—150 
Joe Goodman ---_--- Sw. 3 


SéG. (od See 308) 225: ESA Ore oe eee Yellow clay, 20; sand 

’ and clay, 5; blue 
clay, 75; sand, 10; 
blue clay, 72; gravel 
and sand (heavy 
water), 10;  shaly 
rock, 10; hard lime- 
stone, 53. 























POLK COUNTY. 





BY HOWARD E. SIMPSON AND W. H. NORTON. 





TOPOGRAPHY. 


Polk county is located immediately south of the geographic 
center of Iowa, and the location of Des Moines, the capital and 
chief city of the state, within its borders, has made it the politi- 
cal and commercial center. The surface is that of the gently 
rolling prairie plain characteristic of northern and central Iowa, 
modified only by its stream-carved valleys. The genera] eleva- 
tion of this plain is approximately 1,000 feet above sea level. 

Two distinct phases of the drift plain are present, differing 
chiefly in maturity of dissection and topographic age. The line 
separating the younger Wisconsin plain on the north from the 
older Kansan on the south passes just south of Mitchellville, 
Rising Sun, Des Moines, and Valley Junction. About five-sixths 
of the county is therefore within the area covered by the latest. 
glacial invasion, the Wisconsin, and this line marks its southern- 
most extension in the United States. The Wisconsin area is 
remarkably level, only slight sags and swells being noticeable. 
The former are frequently saucer-shaped and hold sloughs and 
shallow ponds. The latter are but gentle rises of land between 
the sags. The stream valleys are narrow and shallow, and the 
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whole area has the appearance of extreme topographic youth. 
The Kansan area, on the other hand, presents narrower, flat- 
topped divides and broader, deeper stream valleys, the whole 
showing the well-drained, maturely dissected topography of a 
much older type. 

Polk, like the counties of southeastern Iowa, is crossed by 
master streams flowing southeastward through broad preglacial 
valleys. The most important is the Des Moines, meandering in 
its broad valley from the northwest to the southeast corner, 150 
to 200 feet below the upland, and dominating almost the entire 
drainage. Of less importance is South Skunk river, paralleling 
the Des Moines to the northeast, in a valley only slightly less 
broad and deep. Raccoon river furnishes a marked exception 
to the general trend of- master streams and enters Des Moines 
river at Des Moines from a direction somewhat south of west. 


GEOLOGY. 


Alluvial deposits are found on the broad flood plains of Des 
Moines, Raccoon and South Skunk rivers and on some of their 
leading tributaries. These deposits are especially thick south 
of the line marking the limit of the Wisconsin ice, comprising 
heavy deposits of gravel in the form of valley trains in 
valleys leading southward. These are so covered with alluvium 
that they can not be distinguished and will therefore be classed 
with the alluvial deposits. 

The limits of the Wisconsin drift have been outlined in discuss- 
ing its topography. The loess forms a thin veneer over the up- 
lands lying outside of the Wisconsin limits and underlies the 
Wisconsin in places. The Kansan drift underlies the Wiscon- 
sin drift and the loess and controls the topography of the latter. 
It is the most important superficial deposit in this area. Beneath 
the Kansan extensive gravel deposits and buried soil beds and 
an older drift have been noted in places. The gravels are be- 
lieved to belong to the interglacial Aftonian stage and the drift 
to the Nebraskan stage. 

The country rock beneath the drift of Polk county everywhere 
belongs to the Des Moines stage of the Pennsylvanian series. 
Shales and sandstones, with a few limestones and here and there. 
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a coal seam, constitute the chief rocks. The Des Moines stage 
rests unconformably upon a very uneven surface of Saint Louis 
limestone. (See Pls. XIII, p. 626; XV, p. 812; XVI, p. 814.) 


UNDERGROUND WATER. 
SOURCES. 


The aquifers utilized in Polk county are the alluvium and val- 
ley train gravels, the loess, the drift, and the sandstones of the 
Des Moines stage. 


Polk county is well supplied with shallow drift waters. Coun- 
tryrock water, however, is very variable and is generally of poor 
quality owing to the large amount of mineral matter it holds 
in solution. ‘ 


A valuable water horizon is that of the gravels and sands inter- 
stratified with alluvium and underlying the flood plains of Des 
Moines, Raccoon, and South Skunk rivers and other smaller 
streams of lesser importance, such as Beaver, Big, Fourmile, 
Mud, and Camp creeks, tributaries of the Des Moines; Walnut 
ereek, a tributary of the Raccoon; and Indian creek, a tributary 
of the Skunk. 

Drive points and open wells find an abundance of good water - 
at very shallow depths in these valleys. The deposits are espec- 
ially valuable in the southern part of the county, owing to the 
large amount of gravel spread out upon these valley floors as 
valley trains by streams from the melting Wisconsin ice. The 
public supply for Des Moines is secured from these beds by a 
series of infiltration galleries built into the gravels of the Rac- 
coon river valley. Valley Junction also derives a small public 
supply from the same source by means of an open well. 

In the area south of the Wisconsin ice front the thick deposit 
of fine porous clay, known as the loess, is an important source 
for shallow wells from which but a small supply is needed. The 
chief importance of the loess les in the fact that it grades down- 
ward into a fine sand, becoming coarser and overlying the rela- 
tively impermeable till sheet of Kansan age. The common 
depth of loess wells is 10 to 20 feet; one well, that of J. G. 
Berryhill, in section 19, T. 78 N., R. 25 W., has a depth of 70 feet, 
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but this is exceptional. This loess in the Kansan area is a 
very uncertain source for water—except in the certainty with 
which its wells go dry during droughts. 

Within the area occupied by the Wisconsin drift many wells 
penetrate the loess and draw excellent water from it, but owing 
to the difficulty of distinguishing it from the drift, the two are 
better classed together. The water is plentiful because this 
porous deposit, lying between the two till sheets, forms a good 


- storage reservoir and does not dry out so readily as it does 


where it is exposed, as in the surface overlying the Kansan. This 
is a condition usually favorable for seepage springs, and such 
springs are common in the valleys cutting the margin of the 
Wisconsin drift. 

The drift furnishes water for the great majority of wells in 
Polk county. The wells are so variable in depth and the drift 
sheets so variable in thickness that it is difficult to distinguish 
the different water beds, though several are worthy of mention. 

The Wisconsin drift is thin, yet owing to the undrained char- 
acter of the surface, it yields much water to shallow wells, which 
may be obtained almost anywhere by means of a spade or an 
auger. The water comes from small seeps and veins associated 
with sand pockets or from thin layers of sand and gravel. With 
the usual depression of the ground-water level in dry summer 
seasons many of these fail and the wells have to be dug deeper. 

A better supply may be found in the sandy lower portion of 
the loess wherever this is present between the Wisconsin and 
the Kansan. Even in the absence of the loess this horizon is 
frequently marked by a gravel or sandy layer which is a strong 
water bearer and source of springs. 

The Kansan is the most commonly used of all the drift hori- 
zons, the water being found, as in the Wisconsin, in small seeps 
and veins. . 3 
: The Aftonian gravel, underlying the Kansan drift, forms a 
most valuable source of well water where it occurs, but in this 
region it can not often be found unless the gravels immediately 
overlying the country rock are of this age. 
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The Nebraskan is not clearly distinguished, but where found 
it generally consists of a thin layer of gravel and sand lying 
on the bedrock beneath the Aftonian gravel, thus adding an- 
other possible source of water. | 

The drift is present everywhere throughout the county, ex- 
cept where replaced in river valleys by the alluvium, which is 
in itself an even better aquifer. It is therefore rarely neces- 
sary to enter country rock except for a larger supply than the 
drift affords. ; 

Although water can be found in the sandstones and coal seams 
in the Des Moines stage, it is rarely potable on account of its 
impregnation with many minerals. The only available sources 
in this group are the thick lenses of sandstone, some of which 
usually carry excellent water. Unfortunately such thick and 
persistent lenses are relatively uncommon in this area. Some 
beds exist in the southeast corner and to the north of Ankeny. 
but nowhere are they more than local as compared with the Red 
Rock sandstone of Marion and Jasper counties. 


FLOWING WELLS. 


Several deep wells are located in Polk county, the deepest and 
best known of which is the Greenwood Park well in Des Moines, 
with a depth of 3,000 feet. Water flowed from the Saint Peter 
sandstone, but stood 45 feet below curb upon completion of the 
well. Others are the courthouse well in Des Moines, 381 feet 
deep, flowing from the Des Moines, and the well on the river 
bank in front of the Des Moines public library, 461 feet deep, 
flowing from a sandstone bed at 360 feet. A flow on the farm 
of M. R. Sadler, near Mitchellville, from a coal prospect hole 
100 feet in depth, is an example of another class of shallower 
wells, some in the drift and some in the Coal Measures. 


GAS WELLS. 


Gas has been reported in several of the drift wells near Say- 
lorville and in the northern part of the county; one opening 
owned by Louis Brendel furnishes it in sufficient quantity to 
operate a gas burner. 
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CITY AND VILLAGE SUPPLIES. 


Ankeny.—On the uplands about Ankeny (population, 445) 
drift wells 40 to 60 feet deep are common, though some go down 
150 feet. These are supplied from layers of sand and gravel 
and are variable. - Not uncommonly the drift supply is insuf- 
ficient, and rock wells are drilled. As the highest rock (the 
shales of the Des Moines stage) is in many places 150 to 230 
feet deep, it may be necessary to sink to depths ranging from 
200 to 400 feet, the last hundred feet being in Saint Louis lime- 
stone. An excellent sandstone water is not infrequently found 
among the coal shales of this vicinity, but no well-defined sand- 
stone layer occurs in the Saint Louis limestone, as it does in 
counties to the south and east. 

Des Moines.—The public water supply of Des Moines (pop- 
ulation, 86,368) is owned by the Des Moines Waterworks Com- 
‘pany. The supply is derived from the gravel beds of the Rac: 
coon river valley on the inside of the great bend opposite the 
ends of Nineteenth and Walnut streets, in the southwestern 
part of the city. The water is collected in infiltration gal- 
leries built 25 or 30 feet below the surface in such a way that 
the water flows from the bottom only. A section consisting of 
loam, river-washed sand and gravel, 45 feet of silt, sand and 
gravel, potter’s clay, and sandstone is reported. More than 
half a mile of galleries are constructed in a layer of coarse, 
elean sand, and gravel, fine and free from silts. They lead by 
gravity through a 36-inch cast-iron main into a large pump 
well, 48 feet in diameter and 34 feet deep, located on the station 
grounds northeast of the river. This is bricked and cemented 
and arched like a great cistern. 

An old gallery, 1,450 feet long extends from a small pump 
well in the station yard westward along the railroad tracks, and 
at its west end a short branch leads directly to Raccoon river. 
In times of great emergency water may be taken directly: from 
the river, but this has been done only a few times. The esti- 
mated capacity of the present system of collecting galleries is 
10,000,000 gallons a day at the lowest stage of water. At an 
ordinary stage it is inexhaustible with the present pumping 
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plant. The actual daily consumption for the year 1911 was 
5,258,770 gallons. 

Within the pumping station three pumps—an 8,000,000-gallon 
Holly, a 7,000,000-gallon Gaskill, and a 6,000,000-gallon Worth- 
ington—give a daily capacity several times that yet required. 
The Worthington pump is held in reserve and with one of the 
others may be connected direct to the river intake in case of 
conflagration. The three are supplied with steam from a bat- 
tery of five boilers of 110 horsepower each, by which a head of 
100 feet is constantly maintained, a pressure ample for any 
fire. A direct pressure of 100 pounds for the business portion 
and 140 pounds for the higher northwest portion of the city is 
maintained. The lower pressure may be increased to 140 pounds 
in case of fire, though this is rarely necessary. About 130 miles 
of mains supply 1,303 fire hydrants and 12,315 taps, the latter 
through meters. Probably 80 per cent of the population de- 
pend on the public water supply. E 

The Des Moines Linseed Oil Company and the Des. Moines 
Manufacturing & Supply Company have abandoned drive wells 
as unsatisfactory for steam purposes on account of boiler pitting 
and use the public supply. Both of these companies, together 
with the Des Moines Gas Company, treat the water with two 
or three pounds of soda ash for 1,000 gallons and find the re- 
sults very satisfactory. The Edison Electric Light Company 
- and the Des Moines Incubator Works, as well as many other 
manufacturing plants near Des Moines river, take their supply 
direct from the river. The Des Moines Ice Company secures its 
supply from four 26-foot point wells, drawing 40 gallons a min- 
ute at a temperature of 64 degrees, for use in the manufacture 
of ice and for the condensers. River water is used for the 
boilers. The Des Moines Hosiery Mills uses a supply from 
eight points varying in depth from 12 to 34 feet, in alluvium and 
gravel. The water stands 8 to 10 feet below the surface. The 
longer points furnish water carrying increasing amounts of iron 
salts in solution. The water is hard and requires compound to 
prevent boiler scale. Points are generally renewed every year 
or two, on account of ferruginous and calcareous cement col- 
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fecting on the screen. A storage reservoir having a capacity of 
10,000 gallons is used. At the former works of the National 
Starch Works Company, 114 miles south of the fair grounds, a 
supply of 300,000 gallons daily was obtained from 50-foot col- 
lecting galleries. The plant is now abandoned, so the water 
system is not in use. 

A large private water-supply system is that of the Agar 
Packing Company. This company uses the public water sup- 
ply for washing and cooking, but does not find it economical 
for all purposes. Two sources are used. The first consists of 
a battery of seven four-inch Cook points, with five-foot screens, 
driven 40 feet into alluvium and gravel. The general section is 
as follows: 


General section at factory of Agar Packing Company. 


Feet 

UDR D UES 749 Sead ap Bema oak Tees Se eee ST Pe Re ee eee 2s eee 6 

COTE Aig RGEC ge DS OTe Loe 8 BBS Ca BA RET ea ee ee ee 10 

CE rece Gis Eafe RRA ee oc oS eS a eS Dae oa ah Se ee eee ea 24 
Gh Re here eM RUPEE Bee Ee CRE eae, ee ee ee re a re 

40 


Water stands 15 feet below the surface, and the wells average 
16 pounds vacuum while pumping. The water yields some scale 
and rust. This water is used first as a condenser of ammonia in 
the refrigeration plant and afterward for washing and scrub- 
bing. About 500 gallons a minute is constantly pumped, ex- 
cept in freezing weather. The second source is a well 18 feet 
in diameter by 16 feet deep, connecting directly with the: river 
by means of a 12-inch pipe opening with screen in the channel. 
About 900 gallons a minute may be thus obtained. This water 
is used for boilers, for which purpose the other waters are too 
hard, and for spraying hog pens and similar work. The river 
water scales but slightly, and this tendency is easily removed by 
the use of a small amount of boiler compound. Fire protec- 
tion for the plant is had by the use of all the pumps and from 
the city system. 

The courthouse well has a depth of 381 feet. Its curb is 805 
feet above sea level. It flows at the surface from a depth of 
370 feet. It was completed by George Garver in 1888. 
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Drillens’ log of well at courthouse at Des Moines. 




















Thick- |Depth. 
ness. 

Feet Feet 
* ‘Sand. and s,enawelee.20 ke ee ee ee 63 63 
Slate,’ Platine se ee ee ee 18 #1 
Oley :) ee wen eer ae eee ies Dike Wee OCR oe 3 84 
Fite “Clay cceete ek. oe ee eee 5 89 
Slate. Losgeee ee Se Ea es Ee ee ee 24 113 
Sandeone oe ta i a ee ee ee 10 128 
EE DAE ee ae eS ee I tos UE in ede, SL 10 133 
eh MYyTites (le Wes en I ee ee eee 13 1343 
cA: ike ey a a ee RR, Ye WE Det eC eae NO ee ee ee 4 1883 
Ooal” Diossom.:-...._-...2-2.2 2 ee SS eee Z 139 
Sandstone and granite 2. -.-2-2b2 see eee ee oe ee 101 240 
Shale with pyrites; shale layers 2 to 4 feet thie¢k.—..._--__.-___-.— 2-2 =... 60 300 
Sandstone’ 2... 302. a ee res ee 39 339 
[SUEY i: ee ep ee te ne Mn enw ee eee ee ee SSE RNS eS ie 6 345 
Sandstone, with two bands of flint, 18 inches and 9 inches thick, respectively---__ 17 862 
Sandstone ...-.—---------~-- 35-3 sr a 19 381 








The Greenwood Park well (Pl. XVI) has a depth of 3,000 feet 
‘and a diameter of 10 to 3 inches. Its curb is 872 feet above sea 
level, and its head 45 feet below the curb. The tested capacity 
is 400 gallons per minute. Sulphureted water from depths of 
498 and 668 feet (Mississippian) rose within 30 feet of the sur- 
face. Water beds were indicated by changes of level of water 
in the tube at several depths between 1,011 and 1,208 feet (Silur- 
ian); water from depth of 1,425 feet (Niagaran) rose above 
surface; water was found at 2,025 feet (Saint Peter); at 2,208 
feet (New Richmond), and 2,330 feet (Oneota). Date of com- 
pletion, 1896. Drillers, J. P. Miller & Company, of Chicago. T. 
Van Hyning, who supervised the drilling of the well, reported 
that when the drill entered the Saint Peter the flow of water in- 
creased until it amounted to 114 gallons a minute; pumping 52 
gallons a minute for 18 hours lowered the water leueal 125 feet; 
when the pump was stopped the water rose within six feet of — 
the top but did not flow again. When the drill entered the New 
Richmond the water level fell to 50 feet below the surface; in 
the Oneota it fell to 80 feet below the surface. Probably other 
water beds were struck, for on the completion of the well the 
water stood 45 feet below the curb. It still maintained this 
level when, in 1902, the city water mains were extended to the 
park and the well was closed. 
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Record of strata in Greenwood Park well at Des Moines (Pl, XVI, p. 814). 























Thick- |Depth. 
ness. 
Pleistocene (14 feet thick; top, 872 feet above sea level): Feet Feet 
Till, buff, sandy, with a few pebbles; noncalcareous_--------------------------- 14 14 
Oarboniferous: 
Pennsylvanian— 
Des Moines stage (484 feet thick; top, 858 feet above sea level)— 

mnale .Diack, «prutley, CATDOUBRCCOUNE enn ee ee ee ae eee Se i 15 

BDAC OT ayy ou- LOBRIITOC Ot utente enema pene ee ee TN 1 16 

Shale, black, carbonaceous, calcareous, highly pyritiferous_________-_.__ 3 19 

AEDT 26 UR ie ee ae a ee 0 ee ee 4 23 

Shale and limestone, bluish: gray, highly fossiliferous__________________ 15 38 

MOS IOnmVALICOLOTEC. 0 ce Seto tes eee Pen epee deri © is 12 ay 67 105 

Shale, bluish gray, highly and finely arenaceous, hard___--_--_-_-______ 10 115 

shale; bluish gray, slightly’ calcareous.<)-W22_ 2. eke 60 175 

pnale, dark drab and black, carbonaceous_—_-_- = -.__ 2. -.__ _---.__.- 11 186 
Shales, gray, drab, and purplish; practically noncalcareous; 1 foot of 

PreveCHErt iat) 264 “Leet nese une eee eas a ee ed ee 312 498 

Mississippian— 
Saint Louis limestone and Osage stage (200 feet thick; top, 874 feet above 
sea level)— 

Chert and shale; heavy bed, very hard to drill; most of the sample is 

an argillo-calcareous powder; the shale is reported as caving in from 

above, but its calcareous nature indicates that it is in part inter- 

Sifaciieds with chert and. limestones 2. - - se. 22 Se ne ean es 170 | 668 
WIMEstONe. SNdwCher’, sPPOWNISH | LTAVasees sok ee oc oe coe eetese eek 30 698 

Kinderhook stage (160 feet thick; top, 174 feet above sea level)— 
Sacchi eiiee ANG) Seay acs sens see ee Ae ee Fae 40 738 
Shale, terra cotta red, highly caleareous_.--_-_---_--_____-- eae 10 748 
Ri oicesiie te Dike: On ay eee ee ee ee ee ek Oe Pe 25 773 
Shale, light gray, highly calcareous; fine cherty residue__-___--__.-----__ 85 858 
Devonian (80 feet thick; top, 14 feet above sea level): 
iimestonoe, sight: bud; mneh srayy chertois-2 bss tneacw cssss eo sas knee 80 938 
Silurian (507 feet thick; top, 66 feet below sea level): 
Limestone, light blue-gray, crystalline, saccharoidal; effervescence slow; con- 

SEERA DORM NLO TH VI SILIL oe eee ae ees ee ee ee Soo eee 20 958 
Limestone, cherty, crystalline, blue-gray; effervescence moderately rapid___-__ 53 1,011 
Limestone, cherty, crystalline, saccharoidal, dark blue-gray and buff; efferves- 

cence indicates magnesian limestone, but not dolomite__--_-------------_----- 97 1,208 
Gypsum and shale; gypsum gray and white, in flakes; shale green, perhaps 

SOC MLL ER NGS CL fess eR Se OR a ER ai SE ee ae ee ee 15 1,223 
Limestone, light blue-gray, highly seleniferous: some flakes of gypsum_-_____-- 145 1,368 
Limestone, cherty, arenaceous; grains of sand, minute, rounded; much shale 

imeronunded: fragments, perhaps from aboves os. = =~. 5-25-25 22 1,390 
Dolomite, buff, erystalline, granular with much chert and some chalcedonic 

RULES feet SPS 09 0) CY A a a er ar ae tap a el 55 1,445 

Ordovician: 
Maquoketa shale (83 feet thick; top, 573 feet below sea level)— 
Shales; in large fragments; purplish yellow and green; noncalcareous; finely 

CRON APTS TEL Ai ee Nal eee Re er ee eB ee ee 33 1,478 

ge ae to Platteville limestone (508 feet thick; top, 606 feet below 

sea level)— 

Halomites.in -yellow-gray powder}. Cherty.-.2 35-2. ecole ek 260 1,738 
Dolomites, yellow, buff and brown; mostly cherty; residue finely quart- 

AROS Dy Sa TODICS * Ss Soke SS See eee eee hE er me ee ee a 200 1,938 
pimale, green, very slightly calcareouss.a-. 2.2 <0 2.22 22L2 0 8 1,946 
OIOIICe, IDTOWN ,) ATCO RCEOUSy s2— eet cece nos ence tense epee eee 30 1,976 
Shale, dark green, hard, ‘“‘fossiliferous’’; practically noncaleareous__--___- 10 1,986 

Saint Peter sandstone (39 feet thick; top, 1,114 feet below sea level)— 
Sandstone, fine, white; grains moderately well rounded_---_----------------- 89 2,025 
Prairie du Chien stage— 
Shakopee dolomite (124 feet thick; top, 1,153 feet below sea level)— 
Shale; greenish powder of dolomite, chert, fine quartz sand, green shale, 

BTIGMEDVEIUG) to sone en oa nae pee a en Soa e epee Sees eae a eeceeee onan 7 2,082 
PO IOUNGE se TODA CEO US 5) 0 CHIGY Giacomo 30 2,062 
Shale, drab, calcareous; in finest powder; grains of buff, cherty dolo- 

SHON a oe RRR oe ero TON ee he 23) 2,085 
Dolomite, gray 5 2,090 
Dolomite, gray; minute rounded vesicles resembling matrix of oolite 

from which grains. haye been: dissolved_ 1.2 5 2,095. 
1916) (asa vb Oe RS ae a RR Se a Si eae 5 2,100 
Shale; as at 2,085 feet; “exceedingly hard to drill’?__.____.....__..._.___ 40 2,140 

New kichmond sandstone (94 feet thick; top, 1,277 feet below sea level)— 
Dolomites arenaceous, grays .Z samples! o2..5-52-3-e 9 2,149 
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Ttecord of strata in Greenwood Park well—Continued. 























ness 
Feet Feet 
Shale; drab, caleareous ....-. 52 oe ee ee eee 5 2,154 
Sandstone, white, fine, caleciferousl.2.2.-..--..- =. eee eee ee eee 10 | 2,164 
Dolomite; buff \~ec Se  e 8 BAT? 
Sandstone, clean white quartz sand; grains rounded__------------------ 10 2,182 
Dolomite, buf! <..0. 2.222 Se eee 15 2,197 
Sandstone, buff; grains broken, much dolomite___..------------------ ae 11 2,208 
Sandstone, friable, white; fine.2. 2. 2tc2ett oo eee 2 2,210 
Shale, drab, slightly calcareous <..2.. cot so- en eee ene ee 4 2,214 
Sandstone,. white .22c.2ls222. ie eee see eee 5 2,219 
Dolomite, buff, white; much quartz sand... 1 SS eee 3 2,222 
Shale . 22-222 ee es 6 eee 2 2,224 
Sandstone, gray and buff, calciferous; most of grains broken_---_-+--- 14 288 
Shale, light blue.c.2-2.. cl eee ee eee 5 2,248 
Oneota dolomite (175 feet thick; top, 1,371 feet below sea level)— 

Dolomite of various tints, many cherty; argillaceous at 2,250, 2,272, 

2,333, 2,340 feet; arenaceous at 2,270 and 2,333 feet; at 2,305 feet there 
is 17 feet of white, blue, and green chert; 32 samples___-__-----_____-- 175 2,418 

Oambrian (582 feet penetrated; top, 1,546 feet below sea level): 

Sandstone, white; fine grains, mostly rough surfaced; some dolomite_-_---_- 12 2,430 
Dolomite, brown; in chips:2.220222 2-323 Ss ee eee 2 2,482 
Sandstone 2222s) ee ee ee ee 4 2,436 
Dolomite, rough, gray, and brown_-....<-..-2- 22 ee ee 4 2,440 
Sandstone, fine, white and reddish; 3 samples. .2-0.22>=-2-- SS eee 12 2,452 
Shale, light blue-gray 22..22 2 2 een ee ee a ee a eee 2 2,454 
Sandstone, calciferous, .buff..--2.-.)_--_._ ce eee 4 2,458 
Dolomite, arenaceous, gray, buff, and brown; 6 samples_-__.---_------------- 30 2,488 
Shale, light blue-gray <1 22225-23252 oo Le eee 10 2,498 
Dolomite, gray and buff, siliceous2l2 i ee ee ee eee 9 2,507 
Sandstone, ‘gray, fine; calelferous: 2.5222 9ee 22 se eee 27 2,534 
Marl, highly quartzose, dolomitic, argillaceous; yellowish powder; 2 samples 19 2,553 
Sandstone, calciferous, gray and white; 8 samples_-_-.-_-___---_-_--------_---- 12 2,565 

Sandstone; in sand and small chips superficially resembling dolomite; cal- 
ciferous, glauconitic, close-grained; grains white, gray and buff; 10 samples 145 2,710 





Shale and dolomite; shale hard, bright green, slaty; dolomite white, highly 
siliceous, with much greenish, translucent amorphous silica, 2 samples; over 
one-half of- the second sample soluble in acid...-.-~_---_---.2--2--_-— 20 2,730 

Sandstone, buff; in powder, glauconiferous; rock is termed sandstone al- 
though composed chiefly of light colored particles which effervesce freely 
in acid; fragments of crystalline quartz form but a small proportion of the 
drillings 2202 22 2-se os ee ae a ee eee 20 2,750 

Sandstone, saecharoidal; dark with purplish tinge, dark color due to numerous 
grains of glauconite, purplish tinge to ferruginous stains on quartz sand; 
sand grains of crystalline silica, rough surfaced, imperfectly rounded, many 





fractured (2.402222) 43-02 So ee eS eee 130 2,880 
Dolomite, dark gray, greenish, macrocrystalline, glauconiferous; sparingly 2 

ATENACCOUS 9 2a) 5 eS Se eee eee See cea eee ne ene aes eae 5 2,885 
Sandstone, greenish; grains_ microseopic---.-.---.--. =. 5 2,890 
Shale, dull gray, fine-grained, and exceedingly finely laminated_______-___-____ 5 2,895 
Sandstone, glauconiferous, calciferous; grains imperfectly rounded, with hard, 

dark: green. slaty) shale — 220 - oan eee anaes eae ee = Seen ae 15 2,910 
Marl; in buff flour; microscopically arenaceous; calciferous; glauconiferous.. 50 2,960 
Marl, pink; calciferous, arenaceous; one-third of drillings by weight insoluble 

in; acid;. to “bottom Of well-s2aoee ee rene ean een eee eee 40 3,000 








Mitchellville—The State Industrial School for Girls at 
Mitchellville is supplied with water from several wells. (See 
Pl. XV, p. 812.) 

Water is forced into a tank of 1,600 barrels capacity, elevated 
on a 90-foot tower, from which 10 fire hydrants and taps in each 
building are supplied at a pressure of 45 pounds. The school 
consumes about 8,000 gallons of water a day, less than one-fifth 
the capacity of the plant. 
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Well No. 1 has a depth of 865 feet. The water is strongly 
saline and is not potable and the well was abandoned. Driller, 
F. J. McCarthy, Minneapolis. 

Well No. 2 has a depth of 470 feet and a diameter of 8 inches 
to 103 feet, 6 inches to 350 feet, 444 inches to 370 feet, 314 inches 
to the bottom; 6-inch casing to 103 feet, and 41-inch from 348 
to 360 feet to shut out a foot of soapstone. The curb is 987 
feet above sea level and the head 102 feet below curb. Water 
came in at 100 feet but was cased out; also from 320 to 350 
feet, heading 50 feet below curb, but the supply was small and 
easily reduced by pumping; also from 440 to 452 feet in porous 
rock; tested capacity 20 gallons a minute. Date of completion, 
1901. 

By August, 1904, this well had filled with sediment to 340 
feet above its base, or nearly 200 feet above the working barrel 
of the pump. 

Well No. 3 had a depth of 563 feet and a noes of 10 
inches to 107 feet, 8 inches to 317 feet, and 6 inches to the bot- 
tom, casing to 542 feet. The curb is 987 feet above sea level 
and the head 63 feet below curb. Tested capacity 15 gallons 
a minute at completion of well; present capacity 45 gallons a 
minute; water at depth of 550 and 563 feet. Temperature, 60° F. 
The well was drilled by J. H. Shaw, of Sioux City, and was 
completed in January, 1907. 

In October, 1912, Mr. Shaw deepened the well to a total depth 
of 625 feet with a six-inch bit. At the same time 414-inch per- 
forated casing was inserted from a depth of 477 feet, 6 inches 
to the bottom. The cylinder is 514 feet long and 4% inches in 
diameter. Its top is 46114 feet below curb and a suction pipe 
extends 22 feet below the foot valve. 


Driller’s log of well No. 1 of the State Industrial School, Mitchellville. 


























“Thickness. Depth 

Feet Feet 
PIR TANY LONE eee = ee ee ee a ee a es. 296 296 
En a nee ah ate oe A 5 yy ap ee SCRE Se ay» aye 269 565 
ae pe a at RR SS a 5 Aas OS gene i pe 2 As ee hee 45 610 
eRe UET UE SOG TB ne pete ge Se i et eee 75 685 
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Record of strata in well No. 2' of the State Industrial School, Mitcheiville. 











| 


| 


Olay, graveljvand small stonésin20 252 eee ee eee 
Olay, ‘yellow 22i) 2) 1 eee eee ee eee 
Clay, cobblestones, and gravel 
Clay, yellow 


Sandstone 
Soapstone 
Rock, Fed) <2 9. =. 2 as oe a pe 
Rock, hard. with lavers of flint 
Soapstone ‘and) slate 2-8 22 eo. oe yes ete oe ee 
BRotk "bie: 3o2.. -2o cf ae BE ee Se eee eee ee Tee 
Slate and soapstone 
Rock; Hard, gTay «22.562 S eee Be ee ee ee ee ee 
Soapstone with hard layers of slate (dark) 
Rock, hard, gray 
Soapstone 
Rotk; hard 2-2-2252 5 ee ee ee eee 
Soapstone, hard 
Rock, hard, gray 
Soapstone 24-2225... 3h ee ee eee 
ail hard, with 1 foot of iron pyrites 
Slate -W.WW acess toes oon eee ee ee ee eee 
Rock, hard, with bands of flint 
Soapstone, hard 
Slate, hard, gray 
Sandstone: 2-222 oe ee eee 

Tron pyfrites: 320s 2 3 en eg oe ee 
Sandstone. hard 
Slate 2.223. a ee ee eee 
Sandstone. ...220. -3 Sind ee ee a ee eee 
Slate, gray, 222.02 2os5-5 Se ee ee 
Sandstone, hard, with crushy layers 
Slate, gray (shots Uh ee eso Se se, SS eee eee 
Sandstone,. hard: : 2.252. Pee se Oa ee ee a eee 
Tron: Dytihes sae eee be etenase Sole eas db ee ee ee 
Sandstone, very hard 
Limestone ° .22 622 OS So Ee a ee ee 
Sandstone, hard 
- Soapstone 
Limestone 22 22s tee ee ee Se ee 
Limestone, brown, crystalline, vesicular; with large masses of blue-gray chert 
Limestone, brown; with irregular blue shaly masses 
Shale, blue, caleareous;, nearly’) gritlessi252° 22> 2 Se eet ee ee 
Shale, blue-gray; with disseminated siliceous nodular masses_------------------- 
Limestone, brown, vesicular; effervescence moderately slow; crystalline; fossil- 











iferous | noe A ee ee ee eee oe ee eee 
Shale, blue-gray and buff mottled, massive, calcareous; highly siliceous, with 
minute quartzose particles” 226.2222 a3 ba ce eS re eee eee 


Limestone, blue, crystalline, somewhat vesicular; effervescence rather slow-- 
Limestone, blue, crystalline, porous; fossiliferous, with casts and molds; min- 


utely arenaceous, “argillaceousiis.-sce=_ oe 8 a eee eee 
Limestone, mottled gray; much disseminated chert in grains and with geodie 
cavities with chalcedonic and crystalline quartz_---_-----.------------------- 
Limestone, yellow and dark gray; mottled like diorite; rather slow efferves- 
cence: argillaceous, ‘minutely’ areneceous.-—-- = =-22- ee 
Limestone, blue-gray, argillaceous, and green-gray, saccharoidal; macro- 
(rystalling (22025. <2 2 ee ee ae ins Se ee ee 
Limestone, light brownish gray, saccharoidal, macrocrystalline; rapid effer- 
syascence. (Snr Ste bee ee ee ee Se ee 


Limestone, mottled dark and light gray, vesicular; effervescence rather slow; 
macrocrystalline-earthy, siliceous, with green disseminated particles of clay 
Limestone, blue-gray, vesicular, with cavities lined with chalcedonic and 
crystalline drusy quartz; with disseminated green clay as above_----------- 





Thickness. 


Feet 


15 


= a) 
WaT OF 


ao FNN PNY OOO 


i nnn EEE ErpEnEIEInEEIEenSnEIEIE ES IUESEEEEES SERIES REESE 


*Driller’s log to 352 feet; from 352 to 470 description of samples. 








Depth. 








Limestone with some chert; ‘limestone in crystalline granules and yellowish powder; 


UNDERGROUND WATERS OF THE CENTRAL DISTRICT 


897 


Record of strata in well No. 3,: State Industrial School, Mitchellville. 














Sandstone, fine, gray; some effervescence in hot hydrochloric acid, indicating magnesian 
Cement, Ome Carhonaceous shale in coarse grains... .-+___._-______-__.___._.____.. 
Sandstone, similar to the above; brisk effervescence in hot hydrochlori¢ acid, none in 
cold acid; a few crystals of pyrite es ea ee ae te ee 
Shale, blue- Peau ye TALUEL NarGdsoNnOne lil seaeee eee eee oe oe ee 
Limestone, suberystalline, gray, fine- grained; some dark carbonaceous shale, also some 
EN Lowi 17! Gout: ) 0 ieee ere 
pe eemmmntre emaiseiley t Tie-tOx tured. 2 = enee ae ees ee A ek 
Shale, light. to dark gray; light colored is' hard and fine-textured; dark gray is gritty 
and crumbles more easily; some caleareous content is indicated by effervescence in 
eold hydrochloric acid; a little sandstone similar to that at 112 and 163 feet___-.____- 
Bee RT LO-CGS (OTC oc 2S a Se ee See 
Shale, variegated, gray, red, green; sample shows some crystal grains which probably 
come from magnesian limestone; slight effervescence in hot hydrochloric acid_--_--__-- 
Limestone, blue-gray, fine-grained, suberystalline; some fragments of fine textured 
Piemineee rr Urat fl. £OCL,) uaa ees eee eee oe ee a8 2 eee ies scct a ed 
CSU at ake le (Gee aie GOT DS RRS SN eS 7 a SE a a er ee a ee 
Olay shale, dark gray, no laminae evident; darker than the above; slightly gritty, 
PM EMEIC MRE TAG GLO IIS res ec ee eee ee ee a ee a a ee 
Limestone, light gray, fine-grained, pyritiferous, crystalline, brisk effervescence in cold 
hydrochloric OU eee Sep aE a Se. nL el SE oe Se ee a, eR a eh a 
nee Ct RL OL ATS LOMA DO VOI nae oe Eo ek eS ee ot 
Clay shale, gray, fine-textured; effervesces slightly in cold hydrochloric acid_____-_-______ 
Limestone, light to dark gray, subecrystalline; grains of vesicular pyrite present; brisk 
effervescence in INV ATOC HONE Une ae meee gee SSS es Se a et 
UuMeonneeas aAbOVe: COULHINING. Wateteers <4 pas ltos- = 5 Se ec cen 
Chert and limestone; chert gray, fine-grained, one fragment being part of a quartz 
geode; limestone, gray calcite and dark gray granular limestone; effervescence brisk} 
ERRNO T OCU LOTICs 1. Gl Gta ee eee So Se ees Seg esck ees 
Limestone, magnesian, light to dark gray; finely granular; some grains of quartz____-- 
SE EMERY aa MA a RR RE Te = Ee ee ee ee ee eee 
Limestone, white and crystalline to dark gray; brisk effervescence in cold hydrochloric 
acid; considerable dark sand and some quartz crystals; water___-___-____--__--_------— 
Limestone and chert; chert, milk-white, with numerous well-formed quartz erystals; lime- 
CEES, TELAT, SpE EEN oO WM ESS fn ail Pe ee en 
Chert and limestone; chert predominates in sample, in small angular, blue-gray chips; 
limestone in light yellowish gray powder and fine sand; abundance indicated chiefly 
by brisk effervescence in cold HOl. Large residue of clay and chert, with a few sand 
grains, after thorough digestion. Sample contains some blue-gray shale which may 
TSE CRE SGN RIG HO gee Ne eC Sg a ee ee ee een 
Chert and limestone, in about equal amounts; chert similar to that in sample above;| 
limestone subtranslucent, crystalline- granular, somewhat iron stained. Residue after 
digestion in acid chiefly chert with some quartz grains and ferruginous granules; 
GRD: 5) on A Rp a pe Se 


chert as above. Residue almost entirely chert, some finé, light gray silica, a few pyrite 
grains. Sample lighter gray than preceding; sample at___..-.-.------_--_-------_---.--- 
Limestone in fine, clear, granular sand, brownish gray from coating of calcareous 
powder; some chert and a little shale, the latter possibly from above. Effervesces 
Teadily, residue small, chiefly chert, with some small grains of translucent quartz; 
CaS GS ee ee Be Ee ee Re ae ee ee fener are ee eee 
Limestone, similar to above, but less chert, pyritiferous, effervescence more rapid than 
that of higher strata. Residue small, chiefly quartz; sample at_____-_______-________.- 
Limestone, similar to above, little chert, cleavage faces of calcite give sparkkng appear- 
ance. Residue small, chert and quartz grains, together with some clay, as in previous 
CML RUS 1g DOO OU Eg ee Ses se Pr Se ee eee ee Oe ee eee ee 
Limestone, in fine gray and subtranslucent sand: digestion in acid reveals presence of 
considerable quartz in fine grains, also a little blue- -gray chert. Some shale and num- 





erous small masses of limestone fragments held by ferruginous cement; sample at____ 





112-120 


163-174 
174-186 


186-191 
191-207 
207-211 
211-240 
234-240 


240-250 
250-260 


260-317 

317 
317-827 
327-330 
330-340 
350-357 


360-370 
395-419 
419-420 


420-434 
434-440 


5653-5743 


575 


620 


1Description of drillings by James H. Lees, Assistant State Geologist of Iowa. 
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A combination of the data of wells 2 and 3 gives the follow- 
ing section: 











| Thickness.|Depth. 





Feet Feet 
Quaternary -(967 to 885 feet above sea level)= 2 —__- = ee ee 102 102 
Oarboniferous: 

Pennsylvanian— 


Des Moines stage (885 to 670 feet above sea level)_-----..-_-.------------ 215 317 
Mississippian— 

Saint Louis limestone and Osage stage (670 to 517 feet above sea level) 153 470 

Probably same as last (517 to 377 feet above sea level)_---__---____-__ 140 610 


Kinderhook stage (377 to 302 feet above sea level)_---.--------_--_-_____- 75 685 





Below the green shale from 610 to 685 feet ‘‘the lime rock and 
shale,’’ extending, according to the log of well No. 1, to’ 865 
feet (122 feet above sea level) may be in part Kinderhook, but 
in all probability it includes also some Upper Devonian. If the 
saline water of this well is considered as native to the lower 
sources, it is possible that the drill penetrated to the Salina (?) 
formation of the Silurian. 

Another well at Mitchellville, 95 feet deep, draws from a 
gravel layer at 80 feet. The water is excellent and is used for 
all purposes. The supply may, however, be readily exhausted 
by hard pumping. 

Saylorville—A boring 1,800 feet deep is reported from the 
vicinity of Saylor, in section 12, T. 79 N., R. 24 W., but no 
reliable data regarding it are available. A flowing mineral 
well, less than 400 feet deep, situated near Saylorville, in sec- 
tion 3, T. 79 N., R. 24 W., is said to discharge about 5,000 gallons 
an hour. The source of the water is probably in or immediately 
above the Mississippian. 

Valley Junction.—The public supply of Valley Junction (pop- 
ulation, 2,573) is owned by the Valley Junction Water & Light 
Company, which owns two wells that furnish the supply. One 


is a flowing well 278 feet in depth which receives its water from 


a sandstone bed near the bottom and has a head 16 feet above 
the curb. The water is strongly mineral and is permitted to 
flow into a cistern, whence it is pumped for fire and emer- 
gency use. 





i 
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‘ The common supply is taken from a large open well 24 feet 
in depth, which draws its waters from the alluvial gravels found 
at depths of 12 to 24 feet anywhere in the town. Water stands 
within 12 feet of the surface, but it may be pumped out. Water 
is pumped from the second well into a tank 22 feet in diameter 
and 16 feet high, elevated on a 75-foot tower from which it is 
distributed by gravity through two miles of mains to 17 fire hy- 
drants and 30 taps; 90 pounds pressure is generally maintained. 


Driven wells may be had almost anywhere in the lower part 
of town at depths of 12 to 25 feet. The water stands so near 
the surface that in case of flood in Raccoon river the cellars 
are filled and water occasionally breaks up through the streets. 
The open sands and gravels lie immediately under the surface 
soils, except where they are covered with a layer of gumbo, and 
the ground water rises and falls with the river. Thus water is 
easy to get, but is liable to be contaminated. On the hill bored 
wells 40 to 50 feet in depth are the rule. 


WELL DATA. 


The following table gives data of typical wells in Polk county: 
Typical wells of Polk County. 














| a aE 
| $ a P's 
rat po a 
| Sart ° ° a? Remarks: 
Owner | Loeation mr) © Se cogs ziven in feet) 
i ee ae af 
| ry 2, SES a 
o o om oS 
| = i— D q 
| Feet | Feet Feet 
Mrs. Jennie E. Day 3 miles south of|------|------ Des Moines|/+ 20 |Coal prospect. Water bed, 
| Ankeny. 250 (?). 
Fort Dodge, De8 Ankeny  ..-.----.-- TBO ees een. Sand and|— 20 |No rock. Other water 
Moines & South-) gravel. beds, 75 to 125. 
ern R. R. 
W. M. Donnaghy-6 miles north of| 274] 200 |---.do----|— 70 |Filled to 274; other water 
| Ankeny. beds 150 to 200, in fine 


sand. 
F. H. Hunter----- 2 miles northeast! 265 | 140 |Sandstone_|— 80 |Other water beds, 150 to 
s of Ankeny. (Des 200. 


Moines). 

Henry Wagner --- 4 mile from Ankeny| 380 | 240 |Sandstone_|— 60 

City of Des Moines City Library --.---| 461 44 |3ray sand-|+ 7 |Till (alluvium), 44; soap- 
stone. stone, 10; sandstone, 7; 


| fine clay, 111; slate, 17; 
| coal, 4; sandstone, 80; 
| sandstone, striped, some 

water, 30; sandstone, 
| 





120; sandstone, hard, 
striped, water bearing, 
88. Principal water bed 
at 360; another at 225; 
flows freely as a park 
well. 








} 
| 
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Typical wells in Polk County—Continued. 


























mH 
4 . aoe 
rs) are 
A o 85 Remarks: 
. o H * 
Owner Location 2 p 9 : E (Logs given in feet) 
So) Balm (eeues 
(=) =) iva ion 
Girls Industrial |Mitchellville __------ 470 | 102 |Sand and/—102 |Other water beds in rock. 
School. gravel. 
DO ve eee ee CO ee (21g ee At 350 feet_|— 60 |Very hard water. 
IDO see ees so Pern 0) eee eee 95 1-L— 2. J Grevel 2 252-2 Nomtouks 
The TSB VTOse ean NW. 3) SCCs, 20 Cra ean eee nae Sand ___--_|— 80 |No rock. Slight sulphur 
79 N., R.. 22. taste. 
Dee Oem Leeueser os 55 SW. sec. 16, @.| W175 |__..-_|__.. do _..L|— 25 |No. rock,” ) Hard water: 
18 N.s ode. 22 82 , Drift, 25; blue clay, 25; 
: yellow clay, 20; hard 
black clay, 100; yellow 
clay, with gravel, 65; 
gravel and water. 
Beaver Township -|NE. % sec. 25, T. G5ia}osceoe Sado ose Se No rock. Hard water. 
79 N., -R. 22 W. Drift or soil, 21; blue 
clay, 44; soft blue sand 
rock (drift conglomer- 
ate); sand and water. 
Valley Junction|Valley Junction ---| 24 |_--___ Gravel ana|— 12 |10 feet in diameter. No 
Water & Light quicksand rock. 
Co. 
Do. ees eee Lees (dO tahoe 218. ieee Se Sandstone-_|+ 16 |Flows 34-inch stream; min- 
eral. 














STORY COUNTY. 





BY HOWARD E. SIMPSON AND W. H. NORTON. 





TOPOGRAPHY. 


Story county is at the geographic center of Iowa. Its sur- 
face, as a whole, is so nearly level, compared with the southern 
and eastern parts of the state, that it appears nearly flat—a con- 
dition due to the drift deposited over it by the last great ice 
sheet. Since this deposition too little time has elapsed to permit 
much modification of the gently rolling surface, and the area 
remains one of physiographic or topographic youth. Swales and 
shallow saucer-shaped basins are very common, but only the 
largest streams have developed well-marked valleys. The hills 
are inconspicuous low swells, save in a few places where kames 
and morainal ridges. are well developed. Local relief is slight 
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and the maximum difference in elevation, between the highe= 
point on the moraine hills near Summit, with an altitude of 1,075 
feet, and the point where South Skunk river leaves the county, 
is less than 250 feet. 

South Skunk river, which drains the western half of the coun- 
ty, and Indian creek, which drains the eastern half, both flow 
southward through fairly well developed preglacial ‘valleys. 
Their tributaries, however, are few and poorly developed, and 
ponds, small sloughs, and undrained areas are common. Many 
of the smaller tributaries as well as most of the ponds are in- 
termittent, frequently disappearing in dry seasons. 

GEOLOGY. 


The glacial drift is thickly spread over the surface of the en- 
tire county except in the valley floors of South Skunk river and 
its chief tributaries, Squaw and Indian creeks, where it has 
been eroded away or covered with alluvium. In the South Skunk 
river bottoms below Ames and along Indian creek at Maxwell 


these deposits have been found to be from 50 to 100 feet thick, 
showing the preglacial character of the lower portions of the 
valleys. : 

Two drift sheets at least are present, the Wisconsin and the 
Kansan. They are separated by the loess and in many places 
by sands and gravels (the Buchanan), beneath the loess. Be- 
neath the Kansan another gravel bed (the Aftonian) is locally 
present. The bedrock is everywhere the Coal Measures (Des 
Moines stage), except in the west-central portion about Ames, 
where South Skunk river and Squaw creek have cut through 
these into the Saint Louis limestone. The cutting was made 
possible by a decided arching of the strata. Surface exposures 
of the bedrock are comparatively rare, owing to the depth of 
the superficial deposits. 


Aside from the low anticline which elevates the Saint Louis 
limestone along South Skunk river about Ames and the minor 
irregularity of the surface, Story county shows no structural 
features worthy of mention. The Des Moines stage has a 
maximum thickness of about 200 feet, is of varying character, 
and dips slightly southeast. (See Pl. XI, p. 458.) The thickness 
of the drift layers is extremely variable. 
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UNDERGROUND WATER. 
SOURCES. 


In Story county water is drawn from the alluvium, the Wis- 
consin drift, the loess, the underlying interglacial sands and 
gravels (Buchanan), the Kansan drift, the sands and gravels 
(Aftonian) beneath the Kansan, the Des Moines stage, the 
Saint Louis limestone and deeper beds. 

Alluvium in quantity sufficient to form a water bed is limited 
to the valleys of South Skunk river and Squaw and Indian 
creeks. Here, not only beneath the flood plain but under the 
well-marked terraces which lie from 20 to 30 feet above it, 
coarse gravels and sands of glacial and fluvial origin alternate 
with clay and silt for depths of 50 to 100 feet and form a fairly 
distinct water province, whose importance is enhanced by the 
fact that several towns, including Ames and Cambridge on South 
Skunk river, and Maxwell and Iowa Center on Indian creek, 
are situated within it. All these towns draw their supplies from 
these deposits, which yield a satisfactory quantity of good water. 

The creamery well at Cambridge’ illustrates the character of 
the strata. 


Record of creamery well at Cambridge. 














| Thickness.|Depth. 

Feet Feet 
Loam, and’ “yellow, Clays se. pee so tn Se ee eee ene eee ee nee oe 10 10 
Sand) and ‘gravels. 2222 52250 se os ea See Senin k cennt eames eeeeee anaes : 10 20 
Olay, ‘blue 2222. 2 as ee ne ae Se eee ea eee 25 45 
and, mdwbcnnnccmencs ha dee meme aot canes da baee een amas teceneee ee 10 55 
Gravel, (COBISG (222 35. case oe ere re eee e pes e eens eee eee er eee ee 10 65 





The width of the alluvial area averages about half a mile along 
each stream, except on South Skunk river from Ames south- 
ward, where it is about two miles. 

As in all the other areas covered by the Wisconsin drift sheet, 
the drainage of the Wisconsin area in this county is immature 
and the ground-water level so near the surface that the chief 
source of underground water for all purposes has been shallow 
bored. and dug wells. The depth of the Wisconsin till, 20 to 


80 feet over the general upland, is so great that in the earlier — s 





iBeyer, S. W., Geology of Story County: Iowa Geol. Survey, Vol. 9, p. 206. 





UNDERGROUND WATERS OF THE CENTRAL DISTRICT 903 


days comparatively few wells penetrated it even to the loess. 
Cultivation and artificial drainage have, however, lowered the 
ground-water level and this, together with the increased demand 
for stock water, has necessitated the deepening of old wells or 
the sinking of new ones, and the latter as a general rule have 
been bored or drilled. Most of them draw their supplies from 
the sand and gravels between the two great drift sheets, which 
still remain the source most commonly utilized in the county. 
These beds give rise to many springs where they are exposed in 
the stream valleys, and though some are intermittent many are 
perennial and form an excellent supply for stock pastures. 

Deeper drift wells reach a fairly persistent and satisfactory 
bed beneath the Kansan, in the sands and gravels immediately 
overlying the bedrock, though many good wells are obtained in 
local sand layers higher up. The depth is variable owing to the 
great variations in thickness not only of the Kansan but of the 
overlying Wisconsin; depths of 100 to 130 feet are common in 
the western portion of the county, and depths of 150 to 300 feet 
are not uncommon in its eastern portion. 

The relations of the Kansan aquifer to the bedrock below, as 
* well as the general drift relations, are shown in a well section 
given by S. W. Beyer,’ and interpreted by Norton. 

Log of Larson well in the NE. \4 sec. 5, Lafayette Township. 








Thickness.|Depth. 














Wisconsin drift: Feet Feet 
SiPEPLIEIS EY CLO W's CLOY oe te os oa eee ones oe ace ae eee encanta Beemer tase! 10 10 
ay, Lit) SS Se ee pa ee ee eee ee 5 15 
ess: 
Ua IRA YT Ce 5s ot is wet mae a eee em oe ee a wienmna wae deaniat: 5 20 
Kansan drift: 
Orne: -VOlOW * NIX0 2 saeco t ae ee a Se ee res eee! 5 25 
(00) SSS ESI! oi sae ln I ES Bs Se on Se 1 26 
Ol UGG) sate a Se eee een eed 77 103 
Aftonian gravel: 
Bandatones. eravel, water, bearing 220s eos 2b e 8 oo na ne ences 50 153 
Des Moines stage: 
CLO ECT) ape 2 EE RRS Es a ee ee he ee a ee 6 159 
Cho. saan pe ee ee ee a eee ey eee 2 161 
Shale, blue and black; coal; fine clay; and shale, black__----_-._--________- 15 176 











The heavy deposit of sand and water-bearing gravel is some- 
what anomalous and may signify a preglacial channel. In some 
portions the Kansan is so thin that it is difficult to distinguish 
its upper beds. ~ 


1Geology of Story County: Iowa Geol. Survey, Vol. 9, p. 197. 
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The record kept in the sinking of the Iowa State College well 
is of value in showing the relations of the drift horizons. 


Record of upper portion Iowa State College well. 











Feet 
Till, yellow and gravelly; upper portion modified into soil_.--.__--...-...-...._.....--....._| 1- 16 
Til, cbine,, csandy_ =. 22sec ed ee eee 16- 32 
Til, blue; some yellow clay..--.22 22a ee nee ee eee 32- 85 
Sang veeveo wy aos a oe ee ae a aE Nae es oe tee Sci ares hm hee 35- 40 
Ti, bluish green, contains an abundance of gravel... 2 22a eee ee 
Silt, ash-brown; with. greenish tinge, loesshike, but finer.___=.._.- 2) eee 62- 97 
Silt, slightly arenaceous —.-.22J.--s2s- <0 Le ee ee eee 102 
Sand, very fine, light yellow-2..--=)-4 -.— --2- = ee 106 
Sand; with coarse gravel; water’ bearing 2.2 .loi- i a eee 110-120 
Shale, light bluish gray, caleareous, and cherty...—.<-----2-2- 2 2- so eee 126 








A gravel layer about 16 feet below the surface is the probable 
‘source of a spring which furnished the earlier water supply of 
the college. A sand and gravel bed 10 feet in thickness at a 
depth of 40 feet and the coarse sand and gravel near the base of 
the well all indicate excellent supplies sufficient for ordinary 
use, though they have in late years proved insufficient to meet 
the demands of the college. 

A few wells penetrate the entire drift and, entering the bed-— 
rock, find a satisfactory supply in sandstone lenses in the Coal 
Measures (Des Moines stage). These layers are so local and 
variable that no general prediction can be made concerning them, 
and their water is in places too highly impregnated with sul- 
phur salts to be valuable for domestic use. As a rule, this 
group is here chiefly composed of shales and therefore practical- 
ly dry. These beds are absent in the small area about Ames and > 
Soper’s mill, but reach a maximum thickness of 200 feet in the 
southwestern portion of the county. A driller’s log indicates 
the type of well. 


Log of Tilden well, in the NE. \% sec. 12, Franklin Township. 











| maiexness. Depth. 





Feet Feet 
45 





Soll and: yellow ‘clay Cyviseonsin) aces ee ee ee ee ee ee 45 

Sand end Clayilotss) so saeco cae ee eee eee ee eee 10 55 

Olays..bluésGs@nsan)) sens eee A ee ee eta ee a eee 63 18° 
A geek phen Pet ae ae A AGE, anne i Sidep ea ep ee ee pee 1 130 


Sand: with coal and Wwatel:..-224 2-5 oe ee Pris 8 138 
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The Saint Louis limestone lies so deep over most of the county 
as to be beyond the reach of ordinary wells, and its shaly 
character makes it less certain as a water bearer than it is farth- 
er south. However, sandy layers mingling with the shaly beds 
beneath the heavy upper limestone supply a number of wells 
ranging from 130 to 400 feet in depth. 


At the Iowa State College, at Ames, and at Nevada, the deeper 
beds have been drawn upon. 


DISTRIBUTION. 


In the eastern part of the county the stock wells are generally 
deeper than in the western part. Depths of 200 to 300 feet are 
not uncommon, the water being drawn mostly from sandstone 
beds of the Des Moines stage. Bored wells in drift are suf- 
ficient for ordinary household purposes and small farms. 


Throughout the southwestern portion of the county farm wells 
200 to 400 feet in depth are most common, but few of them enter 
bedrock, abundant water being supplied by heavy gravel layers 
in the base of the drift. Cambridge, Maxwell, and Iowa Center, 
in the southern portion of the county, draw their supplies from 
the alluvial sands interstratified with the silts of South Skunk 
river and Indian creek. Wells 200 to 300 feet deep are common 
in the southeastern section. One of these is utilized for a small 
town supply at Collins. 


Several small and well-defined artesian basins are found in 
the northern part of Story county, in the bottoms of valleys, 
and have their origin in the drift. Beyer’ describes these basins 
as follows: 


Of these, Keigleys Branch, Zearing, and Dyes Branch constitute the most 
noteworthy artesian basins in the order of their importance. Watkins’s well is 
the strongest well in the Keigleys Branch basin and may be considered typical 
of the area. The sequence of strata passed through is as follows: 

Soil, 3 feet; clay, yellow, 17 feet; clay, blue, 35 feet; gravel and sand, water 
bearing, 7 feet; blue clay penetrated. 

It is reported that the drill dropped 9 feet on reaching the gravel and that 
water carrying gravel with it spouted out with great violence. Bowlders of sev- 
eral pounds weight were thrown out. The water contains much suspended sedi- 
ment. Temperature, 48° F.; rate of flow, 28,000 gallons per hour. 


1Geology of Story County: Iowa Geol. Survey, Vol. 9, pp. 280-232, 
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There are numerous other flowing wells in this vicinity, but all of small flow. 
In the majority of instances the temperature is 2° or 3° higher than in the 
case of Watkins’s well and about 5° higher than in ordinary shallow wells in the 
same locality, which show a temperature of about 45° to 46° F. 

In the Zearing basin all of the wells are located on the bottom land along 
Minerva creek, within a radius of a mile from the town of Zearing. All are of 
small capacity and vary from 60 to 90 feet in depth. 

Along Dyes Branch several flowing wells have been developed. The water- 
bearing stratum is reached at from 80 to 120 feet below the surface, the depth 
depending upon the position of the mouth of the well. The water is of good 
quality, but, as in the case of the preceding basins, it carries considerable fer- 
ruginous matter, as evidenced by the taste and by the brownish rust which coats 
all vessels in which the water has been allowed to stand. 

Several other flowing wells are known at widely separated points in the 
county, but in every case they are of small capacity and possess little of general 
interest. 

The Skunk valley at Story City and the Bear creek valley at 
Roland are also noteworthy artesian basins. In the former is 


located the city well of Story City. 


CITY AND VILLAGE SUPPLIES. 


Ames.—The location of Ames (population, 4,223) on the ter- 
races of South Skunk river and Squaw creek insures an abun- 
dant supply in the alluvial sands at no great depth. The city 
supply is drawn from a well 10 inches in diameter, drilled with- 
in the casing, which was driven as fast as the well was drilled 
to a depth of 99 feet, and finished with a 10-foot screen. The 
water is thus drawn from coarse sands and gravels at a depth 
beyond danger of surface contamination. The head is usually 
about 48 feet below the surface. 

The Chicago & North Western Railway uses a similar well 
in which a Cook strainer was sunk to a depth of 104 feet. The 
water stands 30 feet below the surface. The log is of interest 
in this connection. 


Record of Chicago & North Western Railway well at Amés. 








Thickness. |Depth. 





Feet Feet 
DiOAM, SANDY Sacccse sae cme een es cei nie ee en eae ee ns eee a on ay ees 20 20 
Sand, bine, and UClayxsse. oe on nS ae ce es eee dees coe ces cone eaeen Eee aE aren 35 55 
Gravel, COATSO cos cosccesacee meee cmp eee ee ee ee ee eee eee 10 
Sand, water bearing. on oe on oe ao oe een ee ee eee 39 104 











. 
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One of the most important supplies in this vicinity is that of 
the Iowa State College of Agriculture and Mechanic Arts. (See 
PI. XI, p. 458.) Formerly an abundant and excellent supply had 
been obtained from the gravels underlying the Wisconsin till, 
but this source failed entirely in the dry summers of 1894 and 
1895. The well has a depth of 2,215 feet and a diameter of 
12 inches for 120 feet, 10 inches for 300 feet, 8 inches for 648 
feet, 6 5-6 inches for 362 feet, 534 inches for 505 feet, and 5 inches 
for 280 feet, to the bottom. It is cased within 280 feet of the 
bottom; no repairs made. The curb is 1,000 feet above sea level, 
and the present head is 20 feet below the curb. The original 
pumping capacity was 100 gallons a minute; present yield, 100 
gallons a minute; yield can be materially increased by speed- 
ing the pumps. The well was completed in 1897 by Gray Broth- 
ers, of Chicago. 

The water beds are stated by Beyer to be the Jordan, the 
New Richmond, and the Saint Peter. Pumping tests indicate 
that the water-yielding ratio of these formations is 15 to 4 to 
1, respectively.’ 

The temperature observations of this well made by Byer’ 
are of especial value. When the tests were made the well was 
practically full of water and had not been disturbed for more 
than a month. No corrections were made for convection cur- 
. rents nor for conduction. A Miller-Casella self-registering maxi- 
mum-minimum thermometer was used. The instrument was low- 
ered and the depth measured by a steel wire which passed around 
a calibrated drum. Readings were taken every 100 feet. The 
mean annual temperature at Ames is 47.2° F.; the temperature 
at 2,100 feet below the surface is 63.4" F.; and the average 
gradient is 1° F. for every 129.6 feet of depth. 


Record of strata in dcep well at Ames® (Pl. XI, p. 458). 


Pleistocene (120 feet thick; top, 1,000 feet above sea level): Depth in feet. 
Till, yellow, sandy to gravelly; upper portion modified into soil-_----- 1-16 
tl CIR S)5) VEEN eX b eR SE ee ee ee ee 16-32 
PMEDIUIGsBSOTLC YCUOW Cla yancestennesonece--o os nace eee asia enna semen 35 82-35 
Stel AWE gas ee ee ee ee 35-40 
Till, greenish blue; abundance of gravel and cherty limestone peb- 
bles; matrix effervesces freely with dilute hydrochloric acids... 2s 40-59 


I1Beyer, S. W., Iowa Agricultural College water supply, Ames, 1897, p. ll. 
2Idem, pp. 13-14. : 
8Idem, pp. 6-9. 


igh rad ca 2) a 
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Silt, ash-brown; with greenish tinge, calcareous and absorbent, ° 
loesslike:. Dut finer. °225322-2-. 2e  S e e  e 62-97 
Silt, slightly arenaceows..2ti 2.2 a eee weet 12) 

Sand, ‘very: fine, Meht yellowoun cesses ask essed eae ee 106 
Sand; with coarse gravel, water bearing; quartz pebbles abundant; 2 
limestone firdements presenti: 2.5) 5 pie ee eee eee 110-120 
Carboniferous (Mississippian) me feet thick; top, 880 feet above er. 
level): 
Shale, light bluish gray; calcareous, cherty-:<-.__5 2222). ieee 126 
Limestone, blue-gray, argillaceous, pyritiferous___---___-_-____--- 2 eee 151 
Limestone gray, argillacecus; some qtUartz..-.. 2.22 2 eee . 160-170 
Limestone, light gray, soft, even-textured, cherty; effervesces very 
freely with weak hydrochlorie acid...) =) eee 185 
Limestone; slightly arpilladeots: 2.2.65... 4) See eee ae 200 
Limestone and »shbalets see oes 2) oo ee a eee oe 210 
Shale*and limestone=.------——-e— ° a ee 240 ~ 
Shale, blue; nonealeareous; -pyritiferous, 2222522.) - eee 810 
Limestone, argillaceous; tending toward an oolitic facies; effervesces : : 
strongly with dilute hydrochloric’ acid. = 2-22. SLE oe eee 815 
Shale, with fragments of white limestone; fossiliferous and pyritif- . 
CYOUS ‘Sn nscen jenn se te pa Ee ee ee ee gee 820 
Shale, earthy, “blue, arenaceous-2::2s222-2-- ee ee eee 325 
Shale, light reddish brown; some green shale, slightly calcareous_-_-__- 330 
Limestone, blue-gray; some green shale and brown limestone-------- 875 
Limestone, ‘brown, pyritiferous.c22-—-2-e-220-e ee ee 385 
Limestone, brown; fragments of white cherty limestone and angular 
quartz grains ccxccce settee wee es Ae es ee eee 395 
Limestone, brown,  argillaceouss22i2.- = sae se ee 400 
Shale, light gray, highly calcareous___.---_-- oo Bohs Se eee 415 
Shale, gray-blue, calcareous. .2.20 ono ee 416-420 
Devonian (310 feet thick; top, 580 feet above sea level): 
Limestone, yellowish gray; some carbonaceous matter___----__---------- 420 
Limestone, white, compact. 2226. 2—-26- oe eee ee 440-456 
Shale, light: bluish, grays 2 es see eS eee 469-475 
Shale. and Jimestone:..<.c.- ops ee ee ee 495 
Shale and limestonecss—.-s.-- 002-228. Se ee ee ee 540 
Limestone, white, and shale, greenish blue, noncalcareous_--_----------- 550 
Shale, ash-blue, caleareous...2.-- 22s) ee 560 
Limestone, gray-blue; fragments of brown limestone and green shale 570 
Limestone; eray=bliue: 22 2263.56.52 50 eee ee 580 
Limestone, gray, and shale, blue and Sreenle. 2262222 ee eee 590 
Limestone; fossiliférous soos eta eee eee 600-610 
Limestone, gray-brown, subcrystalline 22.2.2 Se oe ee 615-640 
Limestone; eray-bréowheoand Shaleéji-e -_9 bee e eee 645-660 
Limestone, pitt, §subery stat Mime posses 55. eee pieentictin Leaner 680-680 
Silurian (150 feet thick; top, 270 feet above sea level): 

Limestone, buff; earthy luster; soft; effervesces moderately with 
hydrochloric: acld)~ 2222258 ee i oor ae 690 
Limestone, blue and buff; the latter in part vesicular and magnesian-. 700 
Limestone, drab, highly argeillaceousi..__2-- 0. ee eee 710 

Limestones; several kinds; one a buff earthy limestone, finely lami- 

nated, effervescing slowly, the laminae marked by dark gray bands 720 
Holomite, “Meht.. grayases = Sy ee ee ee eee 730 
Dolomite, brown and gray, suberystalline; varying in hardness and os 
' “@OLO? - ubdlee tcc cence a eee ag ae He Sie Ok ae ; 740 
isimestone;~ butt: 2222. eae a ee eee eee 750 
Shale, oltve-green- s22s.vsu. ee ee ee ee 755 
Limestone;! (PU 2525.2 SS ee a ee ee i 815-830 
Shafe  andalime@stOne_ = 22 Ste Se ae Pa ee ee ee 840-850 © 
DB Eo} Koy orb T ire sbi cr =f ot: la eee ea ae ean NE NE RTE IS oe ye ee 860 
Dolonaite; Write. ~.-.2.o.--csd! daias steer 4,2 nk Sea ene a go 870 
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Ordovician: * 

* Maquoketa shale (160 feet thick; top, 120 feet above sea level)— 
Mice EC Get a DIAStiC,; NONCATCATCOU satan areas eee nen 
Shale, brown; slightly or not at all calcareous; 2 samples-_-------_-_- 
Poem Lue sand. STeens TONCALeA PEON Sa: se = ses— seater e Anew enon aa 
PR Low sh. SMH tly Ca loa VeOl Gees steers on on eens canoe 
peniowe prow mish: White’ Traemente en -—eK 8 oa ae ene ce nnn 
Pee bite. oT) ON Cal GAY OUR ee se wena ata te ree oe ae eee a elo eS 
Memeo ve DT OWN -ColGA NGO Use ee eae sere rh romania amen anne 
DeCemeILe,S CalCaAr C0 UWS see oe age ee ee ian en amen anaes 


Galena and Platteville limestones (380 feet thick; top, 40 feet below 
sea level)— ; 


Limestone; sharp drillings in an argillaceous powder-_---------------_- 
SN SOS RU CS al A nce es te eg Pee 
Eimestone, white; much areillaceous material__..-.---.--...__--._.-.-. 
Limestone, gray-blue, with blue shale and white chert--_------------ 
Limestone, gray-blue, compact; white chert in abundance; drill- 

PEE NESU EL EDLY. S017 $2 ULL eu 0 eee eee ee ein ee ee 
SenMOstone: as wAbHOV.e,- biti less) Clert—--—-2--.-._-2- 2 h22L 28 -saee Ses eee 
PpinesboIie. Siiehtly “Gartny mene y= PMO re. 28s oso a cee eae een 
SOME MerAUCHLe Se FTO y= PLUG: Miaka (hermes. fern oe ee ee a en Kk oe 
BeMiesbOve. s DULL, TAM R ESHA Wael ae ase ce a en eens nn 
PRUE ELST SET oh VY woe seer ee en = ae a ae Nee eaee means 
Limestone, ash-gray; fragments of noncalcareous black and green 

ALN PR eR) ee nee i ap oe mata wane 
DE IMe Ter MOTO Wills SOT Ciera eee ete oe ee ee eee 
MuMesGONe, ES CAY BO DEO WM. IOWOLUY 2-25 ~-enecu none en enn ena Moe ee 
Limestone, gray; considerable reddish brown residual material-_--- 
Pemiestaie: (Ghent y (22: eee es eee eee se hed. 2 5 se Sabb Poke eee ante 
aiiectones £TLy, with. 2reemmshalen. 4... a. on en eee a 
Pee. STay., SLT CeOWsmeesmmeeare estes a20 feo as iet lee ei de 


Shale, green, fissile, noncalcareous, fossiliferous and pyritiferous; 
fossils identified, Dalmanites pygidia and Isotelus (Asaphus) 
Ppygidia resembling some forms of 1. gigas DeKay; Rafinesquina 
alternata, Orthis subequata, O. fissicosta,and other Orthides_--- 

Saint Peter sandstone (70 feet thick; top, 420 feet below sea level)— 

Sandstone, ftine-textured, white; grains even and well waterworn-- 


SS yD he eh a OER Wed Sh eC ES | ke. 5 a a oh ES eee 
Prairie du Chien stage (610 feet thick; top, 490 feet below sea level)— 
LORS TORS NS 5 Spee Sie tk SE os a ae eee eee 
Dolomite and sandstone; some doubly ‘terminated quartz crystals-- 
CO UETE ICY ein i 8 Sy Re ES US ny Se Se ee 
DEI NIADERUARES Sp a afta oe oon ee Se eae ee a ee aa aoe es once 
imate, coarse sang, and ereem shale 2205 WW es ates ase 
Sandstone and dolomite; sandstone varying in size of grain__--_--_- 
PE Etsie TANS. Sih Me ee ane ton asa ns on Shean k ee we eee eee 
Lee th gett jf = 2S a eee 2, Se ea Ee ee ey Te eae eee 
POUT UE ys ELT eNACCOUS, (a. soak eee te ane a se een nena ene 
IPeuLAtes sar enaGeOls AM peneOnUy2..2--o-—25—-5 coos sooeemees aaa ee 
Sandstone, fine-grained, angular, calcareous cement------------------ 
Perastone, yellow, Inueu siliceous GColomite: 22-227 2s Ws se ros -- 
Pari ter Nighy aATenaCeous 6 weer 555225 2 ee bes a oe snes SAR 
OviMmileceewW Ite, Ain Gly sua Pt AOS Casa ee a eee ee ae oe ee 
ROR PCT LE he mE OT) ACEO US ye eee tera = a aS a Se oa eee et areata pt he a 
Marl, yellow; in argillo-calcareous powder, cherty, quartzose--_-_ 
Dh oide i fet AER NS SAD foo 5 OS en ee ee ee 
Mniomte. eh ly -arenaceOlisn=-=-2-—-—-+---2-~-~ 26 Sh ose nes 5 = s- === =- 
LIST N aa a's hic)" a Ee ee et eee = SEE. Liat Se ee eee 
PIO ce, GiETE LING (Sadi See were eal 8S et hs ee eee 8 oe ase dake eS as5 
CDTi Peg AONE Re) gay Sen Wee ae ee nee ot ee See ee 2s ee ee 
vole) Sa gwe eR Ce eS eR ee ee > ee ae ee ea eee Ty 


TEPER so NOG O UW 9) ee eh oe es ee ee ote enben needs oa eae ane 
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960 
970 
980-1, 030 


1, 040 
1, 050-1, 060 
1, 080-1, 090 
1, 100 


1, 110-1, 130 
1, 140-1, 170 
1, 180-1, 190 

1, 200 
1, 210-1, 230 
1, 240-1, 260 


1, 330-1, 380 


1, 385-1, 410 


1, 420-1, 460 
1, 470-1, 480 


1, 490-1, 500 
1, 510 
1, 520 


1, 590-1, 630 
1,610 
1, 620 
1, 630-1, 640 
1, 650 
1, 669-1, 680 
1, 690 
1, 700-1, 710 
1, 720-1,730 


1, 740-1, 750 


1, 760 
1, 770-1, 790 
1, 800-1, 880 
1,840 


ca oe 
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Dolomite, argillaceous and arenaceOus ils) Seen een ae eee 1, 850 
Dolom ttewe: stac eo  ee © 2. ere 1, 860-1, 880 
PDolOMmUTes GG Bad ee nn a a ale cea ce 1, 890-1, 910 
Dolomite: highly arenaceous) 22.--.-2.0. loan e een e ae 1,920 - 
Sandstone {22-5-252-2 3. ae ee ee eee es ee 1,930 
Dolomitel Lesco. ks aee 1, 950-1, 960 
Dolomite, arenaceous, grains well waterworn-_--------.--.--------.---- 1, 970-1, 990 
Dolomite, arehaceous; some green shale___-2-_---.~ oo ee eneeee eee 2, 000-2, 010 
Dovonmites o2.. so se a ee ee 2, 020-2, 040 
Dolomite, highly arenaceous | <-------- Wa 2,050 
SPOR OTIVT C2 ae ss ca res hp a cee ee 2, (60-2, 070 
Dolomite, argillaceous > -22.-~ sets se ecen een ee seen eee 2,080 
Shale, blue, noncalearéous ~.--2---.-22-0- 2 eee ee eee ee 2,090 

Cambrian: : 

Jordan sandstone (115 feet penetrated; top, 1,100 feet below sea level)— 
Sandstone; with dolomite and a little blue shale_-----___------.--...-._ 2,100 
Sandstone, white and waterworn; a small percentage of the grains 

contained * iron. qpecsi eet acento eae eee oe oes e ee aaa ee eee ee 2,110 
Sandstone, white; grains fine; sharp 22-02 es-—--eene see ee eee 2,120 
Sandstone; as above, with coarser well-rounded grains_-_-----_------ 2,130 
Sandstone, white; grains fine, even, well worn. eee 2,140-2,175 
Sandstone, whites texture. variable... 222 oe ee 2,185 


Sandstone; grains stained red with iron oxide; red and green shale; 

grains larger than above and more angular; iron pyrites and a 

black metallic mineral. present ..--..2-. 5.022023 < ko nas ee eee 2,195 
Shale, brownish red, arenaceOus_....1.5.-. oe ee 2, 205 
Shale, BYCCN  <nscsss-5-525se ss. ae ee see ee a ee 2,215 


Nevada.—tThe city of Nevada (population, 2,138) has two dis- 
tinct sources of supply, a: shallow open well 25 feet in depth, 
drawing its water from a coarse gravel bed, presumably at the 
base of the Wisconsin, and a drilled well 980 feet in depth, reach- 
ing the Silurian aquifers.. Water is pumped chiefly from the 
shallow well and the deeper one is held in reserve, because of 
the expense of pumping the latter from a depth of 300 feet and 
because its water is strongly mineral. 

The shallow well yields only about 500 barrels a day and is 
easily pumped out in dry summers. The water is distributed by 
gravity from a tank, capacity 35,000 gallons, elevated on a 90- 
foot tower, and a pressure of 50 pounds is maintained on the 
main streets. Mains 514 miles long supply 35 fire hydrants and 


about 140 taps. About one-fourth of the population use the city — : i 
supply, and all others are provided with shallow wells from the _ 


same aquifer. 


The drilled well (Pl. XI, p. 458) has a depth of 980 feet and a 
diameter of 11, 8 and 6 inches; casing to 810 feet. The curb is 
1,005 feet above sea level and the original head 103 feet below 
eurb. The water bed is at 940 feet (Silurian), and the tested 
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capacity, 200 gallons a minute. Date of completion, 1895. Drill- 
ers, Palmer & Sandbo, of Caledonia, Minnesota. 


Drillers tog of city well at Nevada, 








Thickness |} Depth 











Feet | Feet 

a ETC) SU nee ca a nc ccuencaeeutoarne. 30 30 
lh UARELD 5-year SIS Se Se) Oe ee eee ee ee 6 36 
Woe LGD) <h.-5 he Sa Is SO ee ae es ee 10 | 46 
LUE ose ee ee SS ee eee 55 101 
Gh, UN | oat) Oe So he ee ee es eee 20 121 
ON ee one Ae i es 27 = 5a nee 50 171 
SES (ELENA? ihe a SI a RS ET Soy oe Ed 2 er eee eee 75 246 
Co ES eS ee ee ae ee 3 249 
Cac eh SUG s 2 2s IRS ea ae a ee eee eee 3 252 
COLON Ey 1G NS a rr rc 15 267 
Pree rOCk (255. os sso 15 282 
Lime rock, white, mixed with flint.-- 50 | 432 
OUTS. DG) = SS aii NE 5 = ee ee ee ee ee 50 | 482 
Limestone, blue 93 575 
CDI i) ORIG Ties SA EE aR eR et ea Sd Ce ee a 8 583 
Limestone, blue 80 663 
SYNC |) 1 ey a ee 8 671 
Limestone, white : 98 | 769 


Limestone, blue 
ILE OGL pS a SS a eee eee ee nee Cee ee BI 804 
Limestone, blue 
Limestone, white 
Bandstone, )cark, .....-.----.---—-----| 35 934 
Sandstone, white 











Sandstone, red 12 956 
Sandstone, white 8 964 
Sandstone, re 4 968 
Limestone, white 12 | 980 





The clay shales and coal from 101 to 267 feet may be inter- 
preted as the Des Moines stage. The Mississippian includes the 
‘‘limestone mixed with flint’’ and the so-called ‘‘granite,’’ and 
the Kinderhook may be represented in at least the upper part 
of the blue limestone from 482 to 663 feet. Under this interpre- 
tation the limestones from 671 to 899 feet may be Devonian, 
and the sandstone beneath them may be dolomites of the Silur- 
ian. Certainly no sandstone is to be looked for at this horizon. 


Nevada is 1,005 feet above sea level. The artesian water used 
for city supply is so highly mineralized that it is important to 
know whether a better water could not be had by drilling deep- 
er. This question may be answered in the affirmative. The 
records of the present city well are regrettably incomplete and 
inconclusive, but the very scant data seem to show that the sup- 
ply is drawn from the Silurian and higher strata. Had the 
well been drilled deeper it would have found a much better water 
and the supply would also have been increased. Should the 
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present well be deepened or another drilled, the Maquoketa shale 
may be expected within 50 or 100 feet below the bottom of this 
well, and this dry shale may reach a thickness of 150 feet. The 
Galena and Platteville limestones, underlying the Maquoketa, 
should yield some water, especially above the green shale at or 
near the base of the Platteville, but the drill may faal to find 
water by failing to strike a crevice. The Saint Peter sandstone, 
the first reliable water bed, would normally be encountered at 
about 600 feet below sea level, or about 1,600 feet below the sur- 
face, but the presence of an upwarp of the strata in this vicin- 
ity, as shown by the deep well at Ames, may bring this sand- 
stone 100 or even 200 feet higher. Below the Saint Peter abun- 
dant stores of water will be found in the Prairie du Chien stage 
and the Jordan sandstone, and the well may be sunk with advan- 
tage to 2,300 or 2,400 feet, although a supply sufficient for pres- 
ent needs may be found within 2,000 feet. The well should be 
eased water-tight to the Maquoketa or to the Galena. 

Story City.—The public supply of Story City (population, 1,- 
387) comes from a flowing well which just reaches rock at 100 
feet, the aquifer being the Aftonian gravel at the base of the 
Pleistocene. This overflows at the surface at the rate of about 
50 gallons a minute into a cistern from which it is pumped into 
an elevated tank which furnishes a pressure of about 40 pounds 
on the mains. The flow has slightly decreased. 


The same aquifer is generally drawn upon by the deeper wells 
in this vicinity. In those located on lowlands the water fre- 
quently flows and in all it rises nearly to the surface. The supply 
from these wells is very abundant and good. Where but a 
moderate quantity is needed, it is obtained at depths of 25 to 30 
feet. 


Minor supplies.—Though shallow bored wells are common 
near Gilbert (population, 235) for household purposes, drilled 
wells 100 to 200 feet in depth are generally necessary for stock 
wells, and both the lower drift gravels and the country rock fur- 
nish the water. Maxwell (population, 754) has two wells 80 and d 
100 feet in depth; a tank with a capacity of 1,300 barrels, ele- 4 
vated 60 feet from the ground, receives the water from the 
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pumps, and from this it is distributed by eravity to the few 
fire hydrants and taps necessary for the village. Direct pres- 
sure is available in case of fire. 


WELL DATA. 


The following table gives data of typical wells in Story county: 
Typical wells of Story County. 














ad 2 5 
5 2 ot 
m che o 5 
Owner Location A os ae 
238 Eb 3° 
Q i) Se so 
2 vo om re! 
Qa (=) n ea] 
Feet | Feet Feet 
H. ©. Wickham...|SW. 3 sec. 10, T.| 365 | 120 |‘“‘Rock’” (Des|— 60 
85, R. 21. Moines). 
R. D. Tresseler ....|2 miles southwest} 98 OOM se ee +4 
of Gilbert. 
J. Weigle .-.-...-..|73 miles north of; 386 | 150 |‘‘Rock’’__-..|— 40 
Gilbert. * (Saint 
Louis?) 
IATIOS ° 5 ccsceeeees 99 |_.....|Sand and 
(O1) — gravel. — 48 
Henry Byal --------|54 miles south of] 420} 200 |/Saint Louis -|—180 
Collins. sandston.e 
Jos. Olinger -.-----|2% miles northeast] 288 | 125 |Sandstone___|—138 
: of Maxwell. 
Sam Miller -.--:.--|23 miles northwest! 118 | 100 |_--- do ---... pei 6 
of Maxwell. 
Frank’ Fish .......- Collins ----------| 298 | 180 |Brown sand-|— 90 
stone. 
Eo) aU Coys cae 8 miles east of| 60 |__-__- Aftonian (?)|— 20 
, Collins. sand. 
Bae Olson). .-----.--/34 miles north of} 100°|_-2..2}-.-...--..-__. 300 
Slater. 
Chieago & North/Ames ____________- 104 |______[Sand and |— 30 
ora Railway gravel. 
oO. 
Cis) = Nevada --...----_. OB es” Coarse |—10 
gravel. 
Do) --—__ MEMO fea: 5 See 980 | 100 |Silurian sand|—150 
rock. 














a Remarks: 
321 (Logs given in feet) 


Flow 16 gallons a minute. 


Pleistocene: Yellow clay, 
18; sand, 12; blue clay, 


120. Des Moines: Slate, 
50. Saint Louis: Fine 
clay mingled with 


streaks of hard rock, 
186. 

10 inches diameter 10 foot 

screen. 

Soil, 2; yellow clay, 25; 
blue clay, 53; sand, 2; 
blue clay, 118; slate, 10; 
sand rock, 8; slate, 2; 
sand rock, 12; slate, 1; 
sand rock, 20; slate, 1; 
rock, various changes, 
ne No water above 


“In alternating hard rock 
and sand rock.” 


Soil and yellow’ clay 
(Wisconsin), 12; sand 
(loess?), 6; sand, coarse 
(Buchanan), 8; clay, 
yellow (Kansan), 8; 
clay, blue (Kansan), 23; 
sand and water (Afton- 


Cased with 12- 
inch tiling. Soil and yel- 
low clay, 16; blue clay, 


50; yellow clay, sand 
and water, hard dark 
clay, 34. Good supply 


of hard water. 
Cook well strainer. 


12 foot diameter; capacity 
500 barrels a day. 

Mineral. Poor boiler water. 
Sand water beds at 25 





and 100 feet. 
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WEBSTER COUNTY. 





BY W. J. MILLER AND W. H. NORTON, 


TOPOGRAPHY. 


Webster county is situated in the middle of the Wisconsin 
drift and in most parts shows the almost perfectly flat surface 
configuration so common to all the counties covered by that 
drift sheet. One very marked deviation from the generally flat 
country is the deep valley cut out by Des Moines river, which 
enters the north-central portion of the county and passes out at 
the southeast corner. Several tributaries of the Des Moines in 
the northwest have also considerably modified the flat country. 


GEOLOGY. 


The drift is represented by both the Kansan and the Wis- 
consin sheets, each of which extends over practically the whole 
county. The rock formations under the drift are represented 
by the Mississippian, Pennsylvanian (Des Moines stage), and 
Permian. The Des Moines stage extends over all except the 
northern part of the county, which is underlain by the Missis- 
sippian. The Permian, which carries gypsum, occurs in 
isolated areas on either side of Des Moines river in the ve 
of Fort Dodge. 

The drift deposits have been for the most part laid down hori- 
zontally, although abrupt thickening and thinning of the beds 
are Shown. Along Des Moines river they appear to follow the 
slopes of the river bottom. Little is known regarding the struc- 
ture of the older rocks, but they are probably nearly horizontal. 
(See Pls. VI, p. 310; XVI, p. 814.) 


As is generally the case in counties of central Iowa that are 
covered by the Wisconsin drift, Webster county has two impor- 
tant drift-water horizons, one penenen the Kansan and the other 
beneath the Wisconsin. Some wells have gone through the drift 
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and into the underlying rocks, where they have obtained water 
from limestone or sandstone. 

In Webster county comparatively shallow drift wells are num- 
erous and yield good supplies of water. Rock wells are scarce. 
Nearly all water is rather hard. 


UNDERGROUND WATERS. 


SOURCES. 


So far as the existing supply of water is concerned, the most 
important aquifer in this county is the sand or gravel beneath 
the Wisconsin drift, which in most places lies within 100 feet 
and in some places within 35 to 50 feet of the surface. Except 
along the stream. bottoms the sand or gravel beneath the Kan- 
san drift is reached at not less than 100 feet‘and in places at 
not less than 200 or 230 feet. Locally the Wisconsin has been 
completely removed by erosion along the main waterways and 
the first important aquifer to be reached is that beneath the 
Kansan instead of that beneath the Wisconsin. This is particu- 
larly true in the vicinity of Fort Dodge. Locally water-bearing 
sand beds may oceur within either the Wisconsin or the Kansan 
drift. . 

Some wells have gone into the rock formations below the 
drift, as along the river north of Fort Dodge, where the Saint 
Louis limestone is reached, and farther south along the river 
near Lehigh, where the Coal Measures (Des Moines stage) have 
been reached. A few deeper wells in the high-level country have 
also gone through the whole drift and into the Coal Measures, 
where water is obtained either from limestone or sandstone. 


DISTRIBUTION. 


No distinct water provinces exist in Webster county. Condi- 
tions are very similar over the entire county, except along the 
principal drainage lines where some flowing wells occur, as along 
Des Moines river near Fort Dodge and along the tributaries 
of the Des Moines near Lehigh and Dayton. It is thought that 
the source of water in these flowing wells is at the base of the 
Kansan, the Wisconsin having generally been stripped along 
the streams. 
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SPRINGS. 


Springs are uncommon in Webster county, except along drain- 
age lines—the Des Moines and its branches. Several large 
springs occur along Lizard creek near Fort Dodge. A mineral 
spring is utilized at Kalo and many small springs may be found 
along the larger streams. 


CITY AND VILLAGE SUPPLIES. 


Dayton.—Dayton (population, 717) pumps its water by gaso- 
line engine from a well 688 feet deep and distributes it by 
gravity with a pressure of 45 pounds. There are 1 1-5 miles 
of mains and 16 fire hydrants; 400 persons use 10,000 gallons 
daily. The water is hard. The well (Pl. XVI) has a diameter 
of 10 to 6 inches. The curb is 1,089 feet above sea level and the 
head 111 feet below the curb. The water, which comes from 570 
to 688 feet, is lowered 100 feet by pumping. The well was com- 
pleted in 1895 by J. H. Shaw, of Sioux City. 


Dritler’s log of weil at Dayton. 

















| Thickness.|Depth. 
Feet Feet 

Soil“ and” yellow scla yee ce eae a ee ee ee 25+ 25 
Olay; “blue! 22 a ee ee eee 50 75 
Sand; white,-and’ bowlder®= Se es Se ae ee eS eee 5 8 
Olay,’ blue, ‘or shale eee ee eee 25 105 
Olay, ‘yellow;. or shale 2.2253 23S es ee eee eee 20 125 
Olay,. blue ‘or shale i 2S5 So a se ee ee eee 83 208 
Coal --. Lacan tnecands conan Geacmn canoe Paco. eaeseene eae os ae ne 3 211 
Olay,’ blue;, or shale sic cide See he ee eee 24 235 
Olay, sblack Or shia eno ee a cae eee eee ees em ete ae 25 260 
Olay, blue, or ‘bhale 25.2.2.) 2S eee ee SS Se eee eee 110 370 
Aamestone; DTOWN ~ ase no ence coe e re ee he eee een ee ee eerie ee ae ee 48 * 418 
Limestone; ‘White’ occ. 25 aen cs coe tea a ee ene ee 247 665 
Limestone,. Diu@ 2 se a a as Sree eee een on eee eee 15 680 


Limestone, white®\s2225 6c 222 oe ee eee oe ee eee ee ee ee eee 8 688 
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Record of strata in well at Dayton (Pl. XVI, p. 814). 




















Thick- |Depth. 
ness. 
eerernaty (163 feet thick; top, 1,089 feet above sea level): nih wba 
aves tulip nt) STAY 0 CAlGRTeOUSc aes oer ee ee ae en ee eee week 21 25 
Till, blue; 3 CD Cr peta eS 8s oe oe ee abe eh ee a, Sa i ee ee 50 75 
PEC WARNS) 2 ee ER EEE gE pel ape Sei i ae cr nae ee 8 83 
fui. Lipa) ee Bigte BO Sey bo ted tats) Sel SU eee De Ree ee eee ee 22 105 
peeve TOMAR E.IC s1iNie7 OH Vel se eee meee ne eee es 20 125 
US EY Ea Ye EE ie ee ee Be eee eee 38 163 
Oarboniferous: 
Pennsylvanian— 
Des Moines stage (207 feet thick; top, 926 feet above sea level)— 
SNAG, nOrab, CaltareéOuss 4 SAIDles eres one eee se aac een emene 45 208 
Ua ane Codly ishalevse. eee ce tees ee ete ee 3 211 
PSRs FIAT oe NE yen eee reat een oe eee ee a caea bones pe ta eecoe 24 285 
phaley dark Treddisn Drown, nearly, Dlatkoc +s 6 2a ees te ee 25 260 
Bliales drab: poe popaeat pass Ie ae pea ch ge ee a 40 300 
Shale, black; 4 samples from “300 UC Rod ae ae ee I ee ae ee 70 370 
Mississippian— 
Saint tou limestone and Osage stage (155 feet thick; top 719 feet above 
sea level)— 
Sandstone, light gray, fine-grained; in chips ~---.-------.---._------.... 20 390 
Limestone, brown, and chert, drab; some chips of black shale from 
BOVE, <5 3s =o. Hat Nag ces PE SR 28 418 
Limestone, light “yellow- “gray; “brisk “effervescence; in part Oolitic, in 
part. ecrinital; 5 samples —-._.--.......-. 2... erate eerie 107 525 
Kinderhook stage (163 feet penetrated; top, 564 Feet above. 3 Jevel)— 
Dolomite, hard, light brown, crystalline, porous; in sand; 2 samples_- 30 555 
Limestone, magnesian, drab, crystalline; moderately slow effervescence; 
in thin chips; 3 samples Be ehina caitetnhaee same come amee maa Sates emt 45 
Chert, light gray; siliceous oolite, drab; some brown “limestone; 3 ’ 
samples i ss ee nd ee I en Sate wee ee ease ae aes ae! 65 665 
Chert, light gray, and brown limestone ---------------------------------- 15 680 
Limestone, gray, cherty; slow effervescence; some fine quartz sand; 
688 


| AOE Sa Rea SS eS CUES REESE eT ee aa 8 





Fort Dodge.—The water supply of Fort Dodge (population, 
15,543) is obtained from a deep well and is distributed by direct 
pressure and by gravity. The domestic pressure is 100 pounds 
and the fire pressure 125. There are 2014 miles of mains, 122 
fire hydrants, and 1,359 taps. The daily consumption in summer 
is 1,600,000 gallons and in winter 900,000 to 1,200,000 gallons. 


The city well at Fort Dodge (Pl. XVI) has a depth of 1,8271%% 
feet and a diameter of 15 inches to 278 feet, 1314 inches to 328 
feet, 12 inches to 499 feet, 1014 inches to 1,056 feet, 814 inches 
to 1,390 feet, 6 inches to 1,421 feet, and 5 inches to the bottom of 
the well. It is cased between 1,03614 and 1,056 feet, 1,332 and 
1,390 feet, and 1,375 and 1,43834 feet. The curb is about 1,011 feet 
above sea level. A flow from ‘‘gravel’’ at 328 feet was 144 gal- 
lons a minute; at 1,497 feet it had increased to 316 gallons a 
minute; at 1,535 feet it measured 314 gallons a minute; at 1,578 
feet it had risen to 484 gallons a minute; and at the completion of 
the well supplies from still lower beds raised the total amount 
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to 571 gallons a minute. Temperature, about 55° F. The well 
was completed in 1907, at a cost of $8,000, by the Miller Artesian 
Well Company, of Chicago. 

Since 1908 two additional wells have been drilled for city 
supply. Well No. 2 has a depth of 670 feet and a diameter of 20 
inches at the top and 131% inches at the bottom. It is a flowing 
well and discharges 150 gallons a minute. Well No. 3 is lo- 
cated 1,000 feet from the other wells. It is 215 feet deep, 8 inches 
in diameter and flows 600 gallons a minute. The combined flow 
of the three wells in March, 1912, was reported at more than 
1,500,000 gallons in 24 hours. 


Record of strata in city well No. 1 at Fort Dodge (Pls. VI, p. 310; XVI, p. 814). 



























Thick- | Depth. 
ness. 
Feet Feet 
NO Samples onc) nc nine Se eek neces pean soetie  see ee oe ee ees eg eee 
Carboniferous (Mississippian) (450 feet thick; top, 913 feet above sea level) 
Limestone, jbuff; slow effervescence? In sand —.....0-). 2 eee 98 
Sandstone, yellow-gray, calciferous and argillaceous ~--------------------------- 10 108 
Shaile,,,tough, greenish... 20.2 ee ee ee ee 20 128 
No record yore ab seteuwoe ps ae ba eaten ere eed eee 138 
Limestone, light yellow- “gray, “in finest “meal, “Tesidue argillaceous and siliceous; 
and shale, greenish gray; minutely sandy and limy 22 eee i 10 148 
Shale, tough, greenish: 3\ samples 222). ee ee eee 30 178 
Liniestone. and shale - so 02 22 eel 10 188 
Shale; -bloish (anc oo nat acca caceecn so ee in ee oe ee 10 
Shale-and limestone 2.2.4 2 Se ee ee ee eee ee 10 
Shale;' two samples’ ).2 4 2 Le ee h 20 
Limestone, .oolitic, white or light yellow, soft; rapid effervescence; 2 samples 
Limestone, minutely arenaceous and pyritiferous ~-..-..-.-----..--___-_--------- 10 
Limestone: rapid effervescence: 22. 2s eee eee 10 
Shale: #62002 ok a ee ee eee 10 
Limestone; rapid effervescence; light colored; 8 samples.----------_-------------- 30 
Limestone; smarnesiane yee eee ee ee eee =a 10 
Limestone, white, crystalline ..--.--- 10 


Limestone, buff; slow effervescence ~ 
Limestone, yellow, crystalline; rapid “effervescence_ 
Limestone, buff, moderately slow effervescence 
No 'shinples 2. Ue ee ee AE 380 
Timestone;. cherty) =<... 
Limestone, buff, moderately slow effervescence 


Limestone, buff, hard, vesicular; considerable calcite; slow effervescence 10 
Limestone, as above; ‘drab, cherty po ke ee eee oe oe ee eee 10 
Limestone; rapid effervescence; Als large chips 22S Se ee eee 10 
‘Limestone, :as above; cherty ss... a oe ee ee eee 10 
Limestone; “slow effervescence; “cherty Soca oe eee 10 


SRRGRRR SET EBSESISRERRE 


Limestone; drab; rapid effervescence ~---__----.------ 


denen pode coepren eee eee 10 


Shale; in concreted powder; light blue-gray; calcareous ----.-.-------.-----.--- 10 478 
Shale and limestone; shale, green, noncalcareous; limestone, yellow; rapid 

effervescence ----.-.-- ASR ces Os Se Be a 8 Ea A eS a 10 488 
Dolomite, dark blue- “gray; : in fine sand es conan aloes ape eee eae 10 498 
Dolomite, dark drab, porous, subcrystalline; in chips duanaadee rel thes 2 3 10 508 
Limestone, in fine drab sand; slow effervescence, residue pyritiferous, argil- 

laceous, and minutely ‘quartzore 23s oS eS eee 10 518 
Shale, greenish gray; in concreted calcareous powder__.-.._-----__..._-_--—-__.. 10 528 
Limestone, blue-gray; slow effervescence; some yellow limestone of rapid effer- 

vescence; some chips of calcareous greenish shale ~-.-----_-_._---.-----_-----.- 10 538 
Shale, hard, green, finely laminated; somewhat calcareous.---.----------------- 10 548 

Devonian and Silurian (310 feet thick; top, 463 feet above sea level): 

Limestone, buff and light yellow, soft; rapid effervescence; some shale from 

above -.---— Cee eee OE ee a gainer 10 558 
Limestone, in fine white “meal; “Tapid effervescence: <2:s2sce.an seen en eee toed Beaceon 10 568 
Limestone; light buff and drab; moderately slow effervescence.-_-._.__---.---__ 10 578 








Ordovician— 
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Record of strata in city well No. 1 at Ft. Dodge—Continued. 
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Dolomite, light blue or light yellow-gray; in fine sand; at 598 macrocrystal- 

line; highly vesicular; in large chips; 5 samples ~---__----.-----------.-------.- 
Limestone, blue-gray; rapid: effervescence. Le 
Dolomite, hard, compact, subecrystalline, yellow and blue-gray; 2 samples; 

Some! greenish: shale..at 648 feat esse eh roe ccmcciewtwececncane 
Limestone, yellow and gray; rapid effervescence; some greenish shale 
Limestone, buff, compact; slow effervescence; some shale ~~------------------__ 
Dolomite, blue-gray, compact, subcrystalline; in large chips; some shale_-__-_-.- 
Dolomite, light and darker blue-gray; 2 samples; in fine sand ~---.---------.--- 
Shale, highly calcareous, in light gray loosely concreted powder; some dolomite 
Shale, as above; light blue ~-.---_-._--._. ea Pe Ee Se ee ee 
OTC se OEE rs ee a ee cna eee SSeS tee 
Dolomite and shale; dolomite drab, rough; shale, blackish, bituminous, burns 

with flame 
DOO Nee ORY AS ICTR qs pe eo ae a 
Dolomite; light buff, dense ~---_-. pate eek = AES Ie ee ae 
Dolomite; drab; considerable blackish “shale; 2 "samples R= See te See eee eee 
Shale, blue, clayey, and buff dolomite; chips of both rusted on surface to 

ocher yellow Sgn anes ape ee eee ed onlin aan anne se Sede amas ommlem ma mares woe 
Limestone, magnesian, or dolomite; drab, earthy _.---------------------__---.. 
Dolomite; drab or buff; mostly in crystalline sand; 5 samples 


a a ow a oe a on on oe a ee oe ew oe ce 


oe ee oe ene eee 


Maquoketa shale (250 feet thick; top, 153 feet above sea level)— 
Shale, blue; in calcareous, concreted powder; 4 samples 
Limestone; rapid effervescence; buff and gray, soft.-........................ 
Shale and limestone; shale, green, pyritiferous; limestone, light buff, fine 

crystalline, granular; slow effervescence ~-.-_-_-------_-..--. 
Shale; in highly calcareous, blue-gray concreted powder --.-.--------------- 
Limestone or dolomite, buff, hard; in sand, some greenish shale, probably 
RROtT AO OV Ghee cscs etn aot eee a ee eer cae ota nam meinee tans nancies 
Limestone and shale; limestone, light gray, rather soft, moderately slow 
effervescence, fine crystalline granular; in sand; shale, in blue powder-_-_- 
Shale; in light blue-gray, highly calcareous powder, concreted; 15 samples; 
some white chert at 958 feet, much white chert at 968 and 988 feet; lime- 
stone, gray magnesian at 988 feet, cherty from 1,058 to 1,098 feet... 
Shale, bright green; in chips; chids of white nonmagnesian limestone and 
wite/ chert, <6 0 Bo SEA Sekt oe pi Sp Ce A eS Re 

Galena dolomite (170 feet thick; top, “97 feet below sea level) — 

Dolomite and chert; Weht Cray? se..5 saa ce ene an ee Sewn meee ween een eee 
Shale, in gray concreted POW OCLs CHICATSO UN oe oh oa rs Sa tea ae ee cecnee, 
Dolomite, gray; in fine sand, mingled with powder of shale; 2 samples__.-._ 
Shale or marl, in light yellow concreted powder; highly calcareous; residue 

eherty and argillaceous es ae tenes Se ee, ee eS ae ee 
naIGeBCONG, s2Tays) in. sang se much chertes 5.5 -5.2-- 85 oe meee 
Dolomite, ‘crystalline, vesicular, yellow-gray and blue-gray; 4 samples___-.. 
Dolomite, light buff; much white CONN GS ae ac. As ae eS ee 
Dolomite, Light: Dams anavdrno yc, Sa plese eee ee oe ee ere 
emt gray and buff; subcrystalline; much chert; effervescence slow; 3 

BAIIDICS fool en ewan oe came Rem ea Ona B i ee a Some eom eater Saeet enone 

Platteville limestone (130 feet thick top, 267 feet below sea level)— 

Shale, highly calcareous; in greenish gray, loosely concreted powder; residue 
cherty and minutely arenaceous; 5 samples ....-.-.-_-.-.-.--=...-.-.-=-.-.- 
Dolomite or magnesian limestone; buff; like that at 1,258 feet ~---__._.-.. 
Shale, green-gray, calcareous; chips of argillaceous limestone at 1,338 feet; 
(ATS) GE |p ia SS le os pa ok ee ee nen eer eee oe eee 
Miniceepripns STSCHe MABTO ve Neeley on ne oo a See ee 
Shale, dark brown, fissile, bituminous; burning with flame; with limestone 
AE TAG GLlerVOSCONCE x as a ee cra ei nee teeeeeaoe 
Shale, as at 1,378 feet, a few fragments of brown, bituminous shale 

Saint Peter sandstone (50 feet thick; top, 397 feet below sea level)— 
Sandstone, light gray; largest grains 0.8 millimeter diameter___._._..___---_- 
Sandstone, white and light yellow, clean; 4 samples__--_-___-_-_-__--__--_-.- 

Prairie du Chien stage (310 feet thick; top, 447 feet below sea level)— 
Dolomite, gray, hard; some quartz sand; 3 samples ~-----..----._--_-_----_-.- 
Sandstone, clean, white; grains rounded; 5 samples 





Dolomite and oolitic chert and quartz sand --.-.-----------_---_-_-.---.---.- 
molomite! and quartz sand:) Fisainplesd oo eee a ele 
ECG CE TY Ae a a a ee ee SE a ee ee 


Dolomite, gray, crystalline; arenaceous in chips ~---.---------.-----.-----.. 
Sandstone and dolomite; white fine-grained sandstone; a very little admix- 

ture of dolomite; 3 samples ~-----. a ssa ee 
No samples 
Dolomite, gray, hard, crystalline; in fine clean sand; 2 samples 












Thick- |Depth. 


ness. 


Feet 





Feet 
628 
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Fecord of strata in city well No. 1 at Ft. Dodge—Concluded. 




















Thick- |Depth. 
ness. 
Feet Feet 
Sandstone, white, and dolomite; chiefly quartz sand with a few grains of 
GGloml fe ieee noe hee eee eee oe ee ee 0 1,748 
Dolomite, in small chips; with much white quartz sand_..-..__............ 10 r 
Sandstone and dolomite; as-.at.1;788) feet. ee te ee ee 10 1,768 
Oambrian: 
Jordan sandstone (59 feet penetrated; top, 757 feet below sea level)— 
Sandstone, clean, white; 2 samples —-.-.---.-..-_.-.-.___-_---.-----__-—_—- 20 1,788 
Dolomite and chert with sandstone; mostly sand ~—---.---.-. i 2 see 10 1,798 
Sandstone, clean, white; 2 samples ~..-.-.-.-.-_---------_---.-----_---_-___-_- 20 1,818 
Dolomite and sandstone; dolomite, gray; sandstone, white; drillings 
CTO Ty (BRIN a a rr ms pr es a a ede ee 9 1,827 


Analyses of drillings from city well at Fort Dodge’. 











Depth of samples, in feet 

















A flowing well at Fort Dodge has a depth of 127 feet. 


Driller’s log of Fort Dodge flowing well. 

















| Thickness. |Depth. 
Feet Feet 

Black: soil, yellow clay,..end blue layin ea ee eee 31 81 
Tedmestone’ oe a a ee ec eee oes Se eee ne 
Shale, *Dlu0 < cee nes een nee tee nr ee ead a eee eee arene ere 27 64 
Dimestome’s 25 2 2:2 SiS ee ee eee 6 10 
Sandstone; -white,. end Waller <2. .8 sneer eeeeees 2 72 
Sandstoney,. white, -2s<2t. 3:2 ee skeen ane eeere 40 112 
Limestone (no Water) (22-4 ce cacao ee ee oS cae cae eeeeeenasanee 15 127 


Gowrie.—Gowrie (population, 829) pumps its public supply 
from a well 620 feet deep, and distributes it by gravity with a 
pressure of 40 pounds through one-half mile of mains to 10 fire 
hydrants and 10 taps. Sixty persons use the water, consuming 
15,000 gallons daily. The water is hard. The well has a diam- 
eter of eight inches to 200 feet and six inches to bottom; casing 


to about 350 feet. The head is 50 feet below the curb and the 


a Made in chemical laboratory of Cornell college, Mount Vernon, Iowa. 
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xu 


temperature 45° F. The well was completed in 1902, at a cost of 
$1,150, by Mattock & Louke, of Jefferson, Iowa. 

According to the driller’s log, soil, yellow clay, blue clay, and 
shale prevail to a depth of about 155 feet, limestone from 155 
to 315 feet, and water-bearing sandstone from 315 to 620 feet; 
according to another report, the well is mostly clay and shale to 
the depth of 200 feet. 


WELL DATA. 


The following table gives data of typical wells in Webster 
county : 


Typical welis of Webster County. 








\ 








! 3 
is a oR 
eels BS 
i ° ° mS Remarks’ 
Owner Location ) © aE (Logs given in feet) 
a3 Eby 3g 
a a | oe 3D 
o ® O & a 
ra) A Rn ee] 
Feet Feet Feet 
Charles Daniels ..-/3 miles east-north-| 235 |~187 |Sandstone-|— 55 | Black soil, 2; yellow clay, 
east of Lehigh. 15; blue clay, 170; black 


jack or shale, 30; sand- 
stone, 15; very white 
sandstone and water,3. 
W. H. Goodrich._.|4 miles east of Le-| 120| 112 |Sand------|+ 15 |Flow from drift sand. 

high. Black soil, 2; yellow 
Clay, 28; blue clay, 36; 
sand, 40; blue clay, 3; 
fine sand and water 
(flow), 3; limestone, 8. 





=e +...|rert Dodge <---.-|" 127 31 |Sandstone-|+ 3 |Pressure, 12 pounds; wa- 
ter bed, 72. 

Farm _....|4 miles west-south-| 366 85 |Limestone |— 75 |Pumped by gasoline en- 

papaty west Fort Dodge_- to gine. Black soil, 65; 


—100 yellow clay, 15; blue 
clay, 65; gypsum, 10; 
light colored shale, 11: 
coal, 4; limestone, 5; 
shale and limestone alt- 
ernations, 91; limestone, 
59; potter’s clay, 23 
limestone and water, 





99. 
A. W. Hawley--..-|23 miles east-south-| 227 | 112 |Sandstone,|— 40 |First water in drift sand 
east Pioneer. at 100 feet. Black soil, 
yellow clay, blue clay, 
100; sand and water, 
12; black-jack or shale 














114; sandstone and wa- 
ter, J 
Peter Nelson _----- 3 miles northeast! 125 |.-.- Sand -..-.- — 50 |No rock, 
Vincent. 
Z. W. Thomas...--/5 miles  southwest-) 219 |_-._|..-. do --..|— 40 Do. 
south Barnum. 
J. Mann -—-.--.-...|8 miles east-north-| 68 |-__--.|....do-~.--|— 8 |Bored well, 12-inch tiling. 
east Fort Dodge. No rock. 
Plymouth Gypsum |14 miles southeast} 54 54 |... do --..|— 12 |Bored well to gypsum. 
Oo. Fort Dodge. 
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Typical wells in Webster County—Continued. 














S 
is! 5 oa 
e-em ee 
; o ° 22 Remarks: 
Owner Location . . g a 5 (Logs given in feet) 
Sn) Balada iiss 
A A ND a] 
Minneapolis & St. |Gowrie --------.--—- 625 41 |Sandstone_;— 60 Steam pump for locomo- 
Louis R. R. tive. Black soil, 3; 
yellow clay, 8; blue 
clay, 30; shale, 70; 
harder shale, 45; lime- 
stone, 160; sandstone 
and water at bottom, 
309. 
Town of Dayton.-.|Dayton --.-..--......| 688 | 208 |Limestone-/|—111 |Gasoline Paw, pump 
(see p. 916. 
Ohicago & North|------ GO. cscaemeoe oat OS Herons Soft muck/+ 2 |Flows, used for locomo- 
Western Ry. (?) tive. No rock. Yellow 








clay, blue clay, sand, 
gravel, 60; clay or soft 
shale, 7; soft mucky 
clay or shale and wa- 
ter, 1. 


UNDERGROUND WATERS OF THE SOUTH-CENTRAL DISTRICT 923 


CHAPTER XIII. 





UNDERGROUND WATERS OF THE SOUTH-CENTRAL 
DISTRICT. 


INTRODUCTION. 


. 


BY W. H. NORTON. 


The south-central district embraces the twelve counties of 
Adair, Appanoose, Clarke, Decatur, Lucas, Madison, Marion, 
Monroe, Ringgold, Union, Warren and Wayne. The entire 
area is underlain by the Pennsylvanian series, the Des Moines 
stage forming the country rock over the eastern counties and the 
Missouri stage that over the larger part of the six western 
counties. 

Deep wells have been drilled at six points—Centerville (Pl. 
XVI), Pella (Pl. VIII), Flagler, No. 10 Junction, Corydon and 
Osceola. Of the first five wells sets of drillings, or the drillers’ 
logs, have been preserved; but four of these wells are situated 
along the eastern border of the area, and of the Osceola well 
nothing is known except the depth. Both geologic structure and 
artesian conditions are thus left largely to inference. The 
deeper strata of southern Iowa form a trough whose axis ex- 
tends from Des Moines to the southwestern counties of the 
state. In south-central Iowa the water-bearing beds of the 
early Paleozoic terranes dipping toward this axis reach their 
maximum depth in the southwestern counties of the district. 
The surface, moreover, rises toward the west. For these rea- 
sons the Saint Peter sandstone lies more than 2,000 feet beneath 
the surface, except along the eastern border. (See Pl. XVI, 
p. 814.) 
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The sandstone at the base of the Pennsylvanian series is not 
persistent in the eastern part of the district, but the meager 
facts at hand indicate that it thickens to the west. It yields water 
at Glenwood and at Bedford, in the southwest district of the 
state. 

In the eastern counties, where the cover of the Pennsylvanian 
is thin and is cut by the major river valleys, the base of the 
Pennsylvanian is found to vary widely in elevation. ‘This is 
due not only to local upwarps and downwarps of the strata but 
also to the strong unconformity that parts the Mississippian ser- 
ies from the Pennsylvanian. The map (fig. 7, p. 1101) exhibits the 
conjectural elevation above sea level of the base of the Penn- 
sylvanian in south-central and southwestern Iowa. The data 
on which the map is constructed consist of a few drill holes, 
sunk in search of coal, and deep wells at several points in Iowa 
and northern Missouri. From Polk county southwest to Bed- 
ford the Mississippian descends about 650 feet; from Polk county 
due south to Chillicothe, Missouri, it falls in the aggregate but 
250 feet. From Centerville west to Bedford it falls 733 feet ; from 
Bedford west-northwest to Glenwood it rises 140 feet (Pl XVIII, 


p. 1100) and west to Nebraska City it rises 150 feet. From the map 


it will be seen that the Mississippian floor forms a shallow trough 
extending from near Des Moines to the southwest corner of 
the state. The line of the maximum depth may not coincide with 
the Des Moines to Bedford axis, although it is necessarily so 
drawn, as these two points are those of maximum known depth. 
The sag may also be narrower than represented and be bounded 
on each side by more level surfaces. In the eastern counties the 
contours bend somewhat sharply southward, and as shown by 
the depth to the Mississippian at Chillicothe, Missouri, they 
must bend to the southwest before reaching that town. To the 
west the contours also extend southward, as shown by the gentle 
dip of the floor from Lincoln, Nebraska, to Glenwood, a dip aver- 
aging some three feet to the mile. In using the map (fig. 7, p. 
1101) it should be remembered that the known points are far 
apart and between them may intervene minor sags and swells 
entirely unknown. Erosion valleys cut into the Mississippian 
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before the Pennsylvanian was deposited may lower the floor in 
places 100 or 200 feet below the estimate. 


In southeastern Iowa the Mississippian series, especially the 
white limestone of the Burlington and the sandstones in the 
Saint Louis limestone, are aquifers of local value, but although 
these beds continue under this area they yield small and uncer- 
tain supplies. A sandstone of Silurian age is known to occur at 
Pella and at Centerville and sandstones apparently too high for 
the Saint Peter and probably to be placed in the Silurian are 
reported at Ottumwa, Bloomfield, and No. 10 Junction in Mon- 
roe county. How far west these sandstones may extend is alto- 
gether problematic; but the Silurian continues to be a water 
bearer by means of its limestones beyond the western limits of 
the district. The heavy magnesian limestones assigned, because 
of their anhydrite beds, to the Salina (?) formation of the Sil- 
urian yield water at both Bedford and Glenwood, and will prob- 
ably also yield water in this area at depths nowhere exceeding 
1,000 to 1,100 feet below sea level. The water at Bedford, how- 
ever, is so highly mineralized that it is worthless. 


Soon after well No. 3 at Centerville was drilled in 1904 its 
water contained 1,228 parts of solids, but the solids regularly in- 
creased to 2,545 parts in 1908, probably due to the deterioration 
of the casing and the entrance of the upper harder waters. Well 
No. 2 reaches only into the Silurian and, aecording to the analy- 
sis by Dr. J. B. Weems, contains a very much larger amount 
of mineral matter than the other Centerville well. 

The Maquoketa shale may not extend far into the south-cen- 
tral district, and probably to the south and west the Silurian and 
Galena merge in an unbroken series of magnesic limestones. 
These limestones should be water bearing, but at what particu- 
lar levels can not be predicted, nor is it certain that any given 
well will find a water-bearing crevice. Moreover, the quality of 
the water is unknown, but very probably, in the western part of 
the area at least, it is too highly mineralized for an acceptable 
eity supply. 

In the eastern counties the Saint Peter and the water beds 
subjacent are to be reckoned as dependable artesian assets, and 
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here artesian wells can be recommended, though the water is as 
a rule highly mineralized. The failure of the deep city well at 
Pella (Pl. XIII, p. 626) to secure potable water has had a dis- 
couraging effect in its own and adjacent counties—an effect not 
wholly counteracted by the successful wells at Bloomfield and 
Centerville (Pl. XVI, p. 814). The Pella well was sunk only 
about 60 feet below the Saint Peter. The mineralized waters 
of the higher formations were first eased out, but as the supply 
from the Saint Peter proved insufficient, the casing was pulled 
and all waters allowed to mingle. No analysis was made of 
the Saint Peter water while it alone was admitted to the well. 
Had the casing been retained and the well drilled a few hundred 
feet deeper, an abundant supply of good water would probably 
have been obtained, as at Ottumwa (Pl. X, p. 448). 


Except in the eastern tier of counties the depth to the Saint 
Peter and the water beds below it is so great that the sinking 
of deep wells to these deeper formations is not recommended. 
Nowhere south and west of Des Moines have these deep terranes 
been reached by the drill. At Chillicothe, Missouri, almost due 
south of Des Moines and a little more than 50 miles beyond the 
state line, a deep well found at 250 feet below sea level a sand- 
stone referred by Shepard to the Saint Peter,’ the overlying 
Ordovician and the Silurian being supposedly absent. If this 
reference is correct—and it is corroborated by the rise of the 
sandstone southward from Chillicothe to outcrops near Missouri 
river—there may be a gentle rise of the Saint Peter from Polk 
and Warren counties due south as well as southeast. As the 
Chillicothe section is made up from a driller’s log, it is possible 
that the sandstone in question is the Silurian sandstone found at 
Centerville and elsewhere in southeastern Iowa. In this case 
there is still a rise of the strata southward from Des Moines, but 
one much more gentle. To the west the first accurate data ob- 
tainable as to the Saint Peter are from the deep well at Lin- 
coln, Nebraska, where the Saint Peter was reached at 127 feet 
below sea level. The wells at Council Bluffs, Glenwood and 
stoi in Bad ot aeacpu oF RD tects i,e60 fect below wea tevel, "tT eter Sanae 


Underground waters of Missouri: Water-Supply Paper U. S. Geol. Survey 
No. 195, 1907, p. 67. 
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Bedford, as well as those of Forest City and Burlington Junc- 
tion, Missouri, all fail of reaching this terrane. The drill hole at 
Nebraska City, Nebraska, reached the summit of the Decorah 
shale at 1,824 feet below sea level and the Saint Peter was 
reached at a depth of 1,853 feet below that level. These facts 
point to a wide trough in the older Paleozoic rocks, whose axis 
extends southwest from Des Moines to the southwestern coun- 
ties of the state. The descent of the axis is probably very gentle, 
being much less than the southwestern dip of the strata of north- 
eastern Iowa, uuless the strata below the Pennsylvanian thicken 
toward the southwest. From the axis the rise of the strata to 
the east is exceedingly gentle; to the west and north it seems 
considerably steeper. The hypothetical elevation of the Saint 
Peter is seen in the map (PI. III), which is based on several 
assumptions—that the Saint Peter descends from Des Moines 
to the southwest as other terranes are known to do as far as 
Forest City, Missouri; that it descends from Glenwood east- 
ward, as other terranes are found to do as far as Bedford (PI. 
XVIII, p. 1100); that the upwarp of the strata seen at Chilli- 
eothe, Missouri, deflects the contours somewhat to the southwest 
in the southern counties of the district; that along the axis of the 
trough the strata between the base of the Mississippian and the 
Saint Peter maintain and somewhat increase the thickness which 
they show at Des Moines. 

The table below shows the elevation above sea level of the 
chief towns of the district, and the estimated depths to the base 
of the Pennsylvanian and that to the top of the Saint Peter. 
These estimates are not so accurate as those made for the east- 
ern and northern parts of Iowa, but even if they are as much 
as 300 feet in error, they will serve to indicate in a general way 
the depth to which wells must be sunk to reach these horizons. 
Another unfavorable condition is the high altitude of towns 
along the divide between the Missouri and the Mississippi, on 
account of which the water will stand low in the wells. 
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Artesian estimates for towns in the south-central district of Iowa. 

















> Hypothetical 
S depth—., 
3 
c@ EE. u 
Town ob States og 
S Ss a 2s a= = 
Sa soa om 
22 | off | oa 
A a a 
Feet Feet Feet 
BL 1) (: epee nal ee ee oe See ys See a. et eS BO jeeseeec eae , 700 
Chariton ess os no er ere ee ee ets pee 1,042 575 2,100 
COTY OTe ee ee en bis maine Sete een pee ree ne eae oe 1,105 750 2,050 
Ore BtO US 2 a nn a ret eit re tn a meee 1,312 1,225 bop 
Greenfleld «oso no on an ee an es re See an eee 1,368 1,150 2,650 
UbatonbeyaYol hy mag Be See eS Bs a AR pe 976 450 2,175 
Knoxville ~-.--...-..----~----------~----------=-----~--=-- = -=-------==-= 909 || 2o a eee 1,850 
LeON 3-225 nn 5 es sn 5 a nn <n re nian en nee 1,019 820 2,325 
Osceola ------------------------------------------------------------------- 1,137 875 2,550 





ADAIR COUNTY. 





BY HOWARD E. SIMPSON. 





TOPOGRAPHY. 


Adair county is in the southwestern part of the state. Its 
surface is a high, slightly rolling drift plain, across which runs 
the ‘“Great Divide.’? The crest of the divide passes southeast- 
ward through Adair and on across the county. North of Green- 
field it branches and the secondary extends through Greenfield 
to Creston in Union county and southward beyond the state line. 
West of this branch the drainage is southward to the Missouri 
through tributaries of the Nodaway. The drainage of the small 
triangle between the two branches passes southeastward to 
Grand river, another tributary of the Missouri. The northeast 
one-third of the county is drained into the Mississippi through 
Middle and North rivers, tributaries of the Des Moines. The 
county contains no ponds or undrained areas. 


GEOLOGY. 
Loess mantles the uplands of the entire county, in the east- 


ern part with the fine, light, clayey type typical of southern Iowa, 
and in the western part with the darker, less clayey kind, char- 
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acteristic of the Missouri valley. The Kansan drift thickly cov- 
ers the area, and well sections in many parts of the county indi- 
eate that heavy beds of Nebraskan drift are general. The drift 
is very thick, especially in the western half of the county. 

The Dakota sandstone underlies the drift in the western third 
of the county, and is in turn underlain by Carboniferous rocks 
(Missouri stage). The Missouri stage, which lies beneath the 
drift in the eastern two-thirds of the county, comprises heavy 
limestones, interbedded with thin, light shales. 


UNDERGROUND WATER. 
SOURCE AND DISTRIBUTION. 


Few wells in the county fail to obtain water from the drift. 
In many places sandy beds are found beneath the loess, be- 
neath the Kansan, and beneath the lowest drift sheet, and as a 
rule all of these are water bearing. Many shallow wells rely 
entirely on seepage from the loess, but such wells are likely to 
fail in dry seasons. On the uplands the entire drift yields so 
scantily that many stock farms resort to ponded storm water. 

All wells passing through the drift into the soft, porous Da- 
kota sandstone find, at depths ranging from 150 to 300 feet, an 
abundant supply of good water that rises within 100 to 230 feet 
of the surface. Neither dry holes nor undesirable water have 
been reported. In the area underlain by the limestones of the 
Missouri stage the drift is a little thinner. The wells in that 
part of the county range in depths from 100 to 250 feet, and 
the water is invariably hard. No deep wells have been bored in 
this county. 

The southeastern portion of the county is the most favored 
in the matter of ground water. Bored wells, ranging from 20 
to 50 feet, are common, and a few are much deeper. Drilled 
wells obtain excellent water from the Dakota sandstone at depths 
ranging from 200 to 300 feet. 


SPRINGS. 


The sandy layers of the drift supply water to seepage springs, 
but few such springs yield sufficient water for a stock farm. A 


few stronger springs, whose waters may come from the Dakota 
59 
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sandstone on the adjacent divide, are reported in the south- 
western part of the county along the valley sides of the East 
Nodaway and its tributaries. 


CITY AND VILLAGE SUPPLIES. 


Adair.—Adair (population, 900) is situated on the crest of 
the Mississippi-Missouri divide, a region where the drift is so 
thick that it is difficult to obtain a satisfactory supply of water. 
An unsuccessful well was sunk by the city to a depth of sev- 
eral hundred feet, but unfortunately no complete record exists. 

Most of the residents are supplied with water by wells dug or 
bored into the loess or by cisterns. Five cisterns, with a capacity 
of 200 to 350 barrels each, a gasoline fire engine, and 900 feet 
of hose furnish the fire protection for the city. | 


Greenfield—In Greenfield (population, 1,379) drift wells 30 
to 60 feet in depth afford the general supply. A public supply 
used for drinking and for fire protection is obtained from 30 
dug wells eight feet in diameter. <A city well drilled some years 
ago into limestone of the Missouri stage to obtain boiler water 
for the electric light plant was abandoned because the water con- 
tained so much sulphate of lime and magnesia that it was unfit 
for the purpose. The well was 221 feet deep and was sunk 13 
feet into the limestone. The water rose within 75 feet of the 
surface. The strength of this well suggests a supply from the 
lower drift rather than from the limestone. Since abandoning 
this well the lighting plant has used storm water collected in an 
artificial surface reservoir. 

A well on the farm of W. W. Whittams, one and one-half 
miles west of Greenfield, was abandoned at a depth of 274 feet, 
the last,34 feet of which was in limestone of the Missouri stage; 
the well was quickly pumped dry. | 
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WELL DATA. 
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The following table gives data of typical wells in Adair 






































county : 
Typical wells in Adair County. 
= = 
a ae : 
Bien. =| £8 
Owner Location 2 . = Z Remarks 
be. 4 = Zo 
> 
a at aa os 
fas Q D me 
Tr, 74 N., BR. 33 W. 
(Washington). Feet | Feet Feet 
J. A. Hulbert___.._|44 miles southeast of] 286 276 |Sandstone -| 10v |Strong; slightly min- 
Bridgewater. (Dakota). eral, 
T,. 76 N., R. 32 W 
(Prussia). 
John Montgomery. als miles southwest of| 187} 180 |---. do -...| 127 |Hard;  roily before 
anby. storms. 
PetiN.G isco. WW. 
(Summit). 
William Turner _..|14 Miles west of Adair_| 345 | 307 inee: sand- | 230 
stone. 
Ui 3 N., BK. 82 W. 
ummerset) . 
W. W. Whittams_ ee west of Green-) 274 | 240 ent 137 ght le cae aban- 
ssouri). 
Henry Hida .....__|3 miles south of Fonta-| 316 300 |Sandstone _| 146 |Slightly mineral. 
nelle, (Dakota). 
John Mangle ______ 2 miles west of Fonta-| 315 | 299 |---- do ----| 125 
nelle. 
a We Be eee NW ei 2) eC; (212 ee 254 | 249 |Limestone .| 75 |Hard water; strong 
re ie (Missouri). well. 
Ls Me ron A 33 W. 
ureka 
Frank H. at. 6 miles northwest of] 282] 260 |Sandstone -|-__-.- Strong well. 
Fontanelle. (Dakota). 
tT. 76 N., R..83 W. 
(Jackson). 
Truman Lewis ____|5 miles north of Bridge-| 317 | 300 |---- do ---.| 120 |Strong well. 
water. ; 
Henry Rose ________|2 miles north of Bridge-| 286 | 270 |Limestone .| 176 |Fine, hard. 
water. 
Al. Bowers __._-.._ 3 alles north of Bridge-| 270 | 260 |Sandstone -| 160 
water. : 
T. 75.N., RB. 81 W. 
(Greenfield). 
Electric light plant|City of Greenfield______| 221 | 208 |Drift and| 75 |Strong well. 
limestone... 
(Missouri). 
T. 77 N., R. 30 W. x 
(Lincoln). 
Says See, 10 2-8 ce 148 | 136 Sandstone _| 108 [Soft water: stron 
a woe ears—_- (Dakota). well; 20 gallons per 
; minute. 
WEE Barnett... ..iSE. 2 sec. 29.22... 224), 7e jk... |Drift, sand.-|._.. Plenty; good. 
T. 76N., R. 30 W. 
(Harrison). 
William Wallace _..|SE. % sec. 23..-...-....| 135 | 56 |Limestone. |__....|No water. 
(Missourl). 
David Johnson -_.._| NE. % sec. 19.-..-_.__. 82 86 |---- do .-..)| 78 |Good hard water. 
T. 76 N., R. 31 W. 
(Grove). 
Harriet Guthiel ....|NE. % sec. 14..-.....2...| 134 | 122 |_.. do .—-].---.- Abundant from black 
‘ shale; bad taste. 
Nate: Brinton 2 -..|SE.. % see. 12... 900° |322 22 |Gravels oa -: leanne Ineniticient; aban- 
doned. 
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APPANOOSE COUNTY. 





BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY. 


The surface of Appanoose county consists essentially of a 
much-eroded drift plain sloping very gently toward the east. 
Chariton river, the principal stream, enters at the northwest 
corner and flows southeastward diagonally across the county in a 
flat-bottomed valley approximately 150 feet deep and several 
miles in maximum width. From the west it receives a number of 
relatively long tributaries, all of which, with their branches, have 
cut into the upland plain, but from the east it is fed by very 
short streams, the divide separating its drainage system from 
that of Soap creek and Fox river being only a few miles east 
of the Chariton. Apparently the minor streams tend to flow in 
the direction of the general upland slope. 


GEOLOGY. 


The following formations are exposed within the county: (1) 
Alluvium, which is confined to the principal valleys; (2) loess, 
which is only a few feet thick, but which lies at the surface over 
much of the region; (3) glacial drift, which is generally found 
at the surface or immediately below the loess; and (4) Car- 
boniferous rocks belonging to the Des Moines stage of the Penn- 
sylvanian series, which crop out at many points along the prin- 
cipal streams. 

In a large part of the county the drift sheet is thin, but in 
places, especially near the east margin, it is more than 100 feet 
thick. The irregularities of the rock surface produce many cor- 
responding local irregularities in the thickness of the overlying 
drift. The glacial material is reported to contain a large amount 
of wood, leaves, and shells. The Pennsylvanian is several hun- 
dred feet thick and consists of shale with minor amounts of 
limestone, sandstone and coal. Below it lie the rocks of the 
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Mississippian series, which consist chiefly of limestone. (See 
Pls. X, p. 448; XVI, p. 814.) 


UNDERGROUND WATER. 


SOURCES. 


The rocks of the Pennsylvanian series furnish water to a 
few wells, but in general they are unsatisfactory as a source of 
water. They consist chiefly of impervious shale with porous 
beds few and far apart, and therefore yield meagerly; also their 
water is undesirable for many purposes because of its high min- 
eralization. Below the Pennsylvanian are formations that yield 
more freely, but the cost of drilling to these is so great that it 
ean be undertaken only by municipalities or by railway com- 
panies or other large industrial concerns, and as far as explora- 
tion has gone the water is so high in different dissolved solids 
that it is ill adapted for use in boilers and is not desirable for 
public supplies. Moreover, its head is so low that in many places 
it would have to be lifted several hundred feet to bring it to the 
upland surface. 


In some of the largest valleys the alluvial materials yield 
abundant and reliable supplies of only moderately hard water to 
shallow and inexpensive dug or driven wells, but many of the 
settlements and a vast majority of the farms are remote from 
valleys and their principal underground source of supply con- 
sists of irregularly distributed sandy and gravelly deposits as- 
sociated with the bowlder clay. Whether these yield a sufficient 
amount is very much a matter of hit and miss. In some locali- 
ties gravel beds occur that will furnish enough for waterworks 
and locomotive supplies; in others it proves difficult to extract 
enough water from the drift to meet the consumption on an ordi- 
nary stock farm, and in years of severe drought the lack of 
water for household and stock purposes may become an acute 
problem. The shallow water is rich in calcium and the bicar- 
bonate radicle, but is usually superior to the water from the 
Pennsylvanian or deeper formations for both domestic and 
boiler use. 
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Because of the unsatisfactory status of underground sources, 
Appanoose county has come to depend to a great extent on sur- 
face water for household, stock and boiler supplies. For the 
household rain water is stored in cisterns; for stock, the wash 
from rains is collected by constructing dams across ravines; and 
for boiler feed, different plans are employed, as, for example, 
the reservoir of the Chicago, Milwaukee & St. Paul Railway 
Company at Mystic, into which surface and spring waters are 
gathered. In resorting to surface supplies, quality is the chief 
consideration for the household, soft water being desired; quan- 
tity is the chief consideration for live stock supplies; and both 
quality and quantity are factors in railway and other industrial 
enterprises. 


In the many villages of Appanoose county the water for drink- 


ing is drawn mainly from shallow private wells in close prox- 
imity to a variety of contaminating agencies. The situation is 
especially bad in valley towns, where shallow wells on the bot- 
tom lands at the foot of populated slopes are peculiarly exposed 
to pollution. It is not easy, however, to find feasible means of 
improving the conditions. Something would be gained if each 
householder would protect his own well, but a really adequate 
remedy requires a system of waterworks drawing from a source 
safe from pollution. In spite of difficulties it is probable that 
systematic search will discover a sufficient sanitary and other- 
wise satisfactory source of public supplies for most of the 
villages. 


CITY AND VILLAGE SUPPLIES. 


Centerville.—Information concerning the three deeps wells 
that have been sunk in Centerville (population, 6,936) is pre- 
sented in the following paragraphs (Pl. XVI, p. 814): 


City well No. 1 is 2,495 feet deep. Its diameter is 12 inches 


to 55 feet, 10 inches to 95 feet, 9 inches to 155 feet, 8 inches to 
335 feet, 7 inches to 492 feet, 6 inches to 616 feet, 5 inches to 
2,335 feet, and 4 inches to bottom of well. It is cased to 804 
feet. Its curb is 1,017 feet above sea level, and its head 260 feet 


below the curb. It obtains water at 1,200 and 2,450 feet. Tested 
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capacity at completion, 200 gallons a minute. It was completed 
earlier than 1893 by J. P. Miller & Company, Chicago. 
The strata penetrated are indicated in the following table: 


Record of strata in deep well No. 1 at Centerville. 





— =" 


























Thick- 
ness Depth 
| weet Feet 
MEBternary (cop, 1.017 1eet above Sea leVel)_. 2-8 on oe ccc ce fetid 90 90 
Oarboniferous: 
Pennsylvanian (4386 feet. thick; top 927 feet above sea level)— 
POS ea a ne wan Sune ae Sa Unee ansasamea ocunaa caausemdeeanaeoseoes 67 157 
Rane RETICLE CORI All B16. oo re ee ee nee ee ote en anode nanaconecens nf 158 
Shale, with a few thin seams of limestone, none more than 5 feet thick; 
sample PEICHICATCOUS. SILA1ON a URDU seca ts cee ea a Ck cadena enue ace 368 526 
Mississippian— 
Saint i limestone and Osage stage (515 feet thick; top, 491 feet above 
sea level)— 
PeOOlee DIODADIY: IMCSLONG cee aw eet lacie ee ec deat enaccnaes 84 560 
Shales, variegated, arenaceous toward bottom_-__._-...-..............- 50 610 
Limestone, rough, gray, siliceous; 2 samples___-_-.-_-__----------..--.... 30 640 
Shales, seleniferous, with some limestone and chalcedony; 7 samples__ 65 705 
Limestone, nonmagnesian, blue-gray, highly cherty; shale, arenaceous; 
fmpeoncraced DOWME!; 4) SAINDICS ee ee on cot reneee 55 760 
mhaies; cherty.; limestones 4 samples 2. to ee 55 815 
Limestone, white; rapid effervescence; much white flint and chalcedony; 
SP SRIUD ICS 3222 ee a ek ela taa wk ce peee se aaneeaammn oman cote tceneceseaedenens 40 855 
Limestone and shale; limestone, brisk effervescence, soft, white, dark 
brown, blue-gray, in places clayey, siliceous, and pyritiferous; shales 
in places arenaceous; shale marked at 855, 895 and 915; 18 samples, in 
CORETGLGts DO WOO y2nc) aed ee eae one ee Boe too ol ore ome imcgiae man Sae 186 1,041 
Kinderhook stage (59 feet thick; top, 24 feet below sea level)— 
Shale, blue, and green-gray; 6 samples___-._.-..___-___.._____--.-.-...-._.. 59 1,100 
Devonian (260 feet thick, top 83 feet below sea level): 
Shale, with white and gray nonmagnesian, soft limestone; 6 samples___-_..--_ 60 1,160 
Limestone, gray, rather soft; rapid effervescence._.......-..------_..-----.---.- 8 1,168 
ERT ONMOCPOUS To oa eae ae atm ane eee nea Some nenacneoecee 21 1,189 
Limestone, gray, rapid effervescence, siliceous; water bearing.........-..--.-_.- 11 1,200 
miatecearenaccous At, 1,210" feet. ose Se ce oe ieee eee ccea cc esana! 20 1,220 
Limestone, argillaceous ee a oe On Sega note een ad aew eee eblbcousese 10 1,230 
Limestone, light gray, argillaceous; brisk effervescence ee ee eo ananeeeonses 10 1,240 
Limestone, compact, fine-grained, light blue-gray------------.-.----------------- 20 1,260 
Shale, calcareous: or limestone, argillaceous, Hehte yellow. s2-> asescsene cess oat 10 1,270 
Limestone, hard, somewhat argillaceous, light yellow.------------------------—- 10 1,280 
Limestone, white (some gray), compact, moderately hard, nonmagnesian; 
SeOt Db? CTA he: WW EW SE ep i 20 1,300 
Limestone and shale, in gray concreted powder; limestone, yellow and gray, 
crystalline, soft, in fine meal; nonmagnesian; cherty residue; at 1,350 residue 
of fine rounded quartz grains; 6 samples_-.-.__-.-_-.__-------_-~-----~-----.--- 60 1,360 
Silurian (180 feet thick, top, 343 feet below sea level): 
Limestone, buff, magnesian, argillaceous at 1,360 feet; 2 samples.--...-----.. 20 1,380 
Shale, blue, and limestone; in concreted Se eae Ra EE MG TE ACERT 10 1,390 
Limestone, soft, blue, nonmagnesian, with some white chert and much shale. 10 1,400 
Limestone, blue-gray, hard, compact, fine-grained, nonmagnesian_____---.---_- 10 1,410 
Limestone and shale, blue, calcareous, in light gray powder and meal_---_-_-_- 20 1,430 
Sandstone; grains fine and only fairly well rounded; many pointed with sec- 
ondary enlargements; in fine powder containing also particles of light oa ee 
TRTAGS COT Gs oe oe on os ee ee aene ean ace meen 10 1,440 
Sandstone, light gray, calciferous; as above ~.--.-.-- 10 1,450 
Sandstone, buff, calciferous__._-------------- Be oe RSE I Re Ee 10 1,460 
Sandstone, white, fine; grains fairly uniform in size and well rounded, mostly 
smooth, but many show crystalline secondary enlargements, giving the sand a 
sparkling ADpCRTANCe S22 osc eae Sa a 10 1,470 
Sandstone, calciferous, with some fragments of blue shale in drillings__-_--- 10 1,480 
Limestone, in gray meal; moderate effervescence; highly siliceous with rounded 
quartz grains and chips of chert; 4 samples_---.---.-.-...--_.__-----__.-----_-.. 60 1,540 
Ordovician: 
eg dolomite and Platteville limestone, 200 feet thick; top, 523 feet below 
sea level— 


Dolomite or magnesian limestone, buff and gray; many drillings have 
cherbym aid. arenaceous\residuéaes.- 5 552 25) ee ee eee 160 1,700 
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Record of strata in deep well No. 1 at Centerville—Continued. 























Thick- 
iia Depth 
Limestone, dark and light gray; moderate effervescence; much green shale 
in forilings ooo. 2 ccm asin pees sec ewes Sate men ee ee 1,720 
Limestone, buff; moderate effervescence ....-.-3-- nee 10 1,780 
Shale, blue, soft, unctuous, noncalcareous-.. 0-2 oe an en ce ee ee 10 1,740 
Saint Peter sandstone, 40 feet thick; top 723 feet below sea level— 
Sandstone; white, clean; rounded grains, moderately fine; 4 samples.____- 40 1,780 


Prairie du Ohien stage (715 feet penetrated; top, 763 feet below sea level)— 
Shakopee dolomite— 
Dolomite, buff and gray; arenaceous at 1,820 feet; 6 samples._._-_-.__-. 110 1,890 
New Richmond sandstone— 
Sandstone and dolomite, light gray and white; drillings consist of 


rounded grains of quartz and angular chips of dolomite; 8 samples_|_ 105} 1,995 
Sandstone, light yellow-gray, in fine angular grains; a little white dolo- 

mite and green ‘shale in drillings. co ae eee 65 2,060 
NO SAINDICS acd coco re es ot er emp peop aa aaa natn ee 65 2, 125 


Oneota dolomite— 
Dolomite, light gray and white, highly cherty from 2,140 to 2,185 feet; 
somewhat arenaceous at 23 125 and 2,240 feet; 9 samples... ee 135 2,260 
INO SATIDI CS enon ne oe er ee ee 92 2,352 
Sandstone, calciferous, or dolomite; arenaceous; grains rounded, 


smooth, of moderate size; chips of hard gray dolomite__.__-____.____.|____-___ 2,352 
No samples wea eas nena ee se wn re mn we a ee ee eee 68 2,420 
Dolomite, gray; buff at 2,455 feet; somewhat arenaceous from 2,440 to 

2, 46B SECEG Soon sae a er cee ee a or 75 2,495 





This well was drilled in the public square of the town long be- 
fore waterworks were installed, and was never pumped except 
at the driller’s test. When waterworks were built it was thought 


best to drill another well in a convenient location rather than 


to erect the pumping station in the public square. 


City well No. 2 is 1,540 feet deep. Its diameter is 10-inch to 
368 feet, 85¢-inch to 480 feet, 744-inch to 630 feet, 614-inch to 
826 feet, 5-inch to 1,160 feet. Uncased from 1,160 feet to bottom 
of well. The curb is 1,017 feet above sea level; and the head 280 
feet below the curb. Water is obtained from 1,439 feet to bot- 
tom; tested capacity, 350 gallons a minute. The well was drilled 
in 1895 by J. P. Miller & Company, of Chicago. 


The drillér reported a sand rock extending from 1,470 to 1,510 
feet and yielding water that rose within 60 feet of the surface; 
beneath the sand rock the drill passed into a fissured rock, and 
the water sank to 280 feet below the curb, and the drillings were 
washed away. 


City well No. 3 is 2,054 feet deep. Its diameter is 16-inch to 


73.25 feet; 12-inch to 180 feet, 10-inch to 500 feet, 8-inch to 733.25 
feet, 6-inch to 118.15 feet, 47-inch (uncased) to bottom. The 
curb is 1,017 feet above sea level, and the head 286 feet below 
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eurb. The tested capacity is 200 gallons a minute. The well was 
drilled by L. Wilson & Company of Chicago, and was completed 
im 1904, at a cost of $10,000. 

The casing of this well is admirably designed to keep out the 
upper waters. The 10-inch pipe extends to the curb, and it and 
all other piping of smaller diameters are sealed at bottom with 


























lead. 
Drilier’s log of well No. 3 at Centerville. 

Thick- 

cieee Depth 

Feet Feet 
TUNERS a ay iS rae REP I a ado 5s oh Re al SP a a 50 50 
CO ED MRR es SS aS a SR SS ee ee ee ee ae 10 60 
ee et ere ea cabenacesannackearanccacenantnn 10 70 
OY DADE a sv a eR ee ee ne eee 4 74 
Se) Foe | JTL Cg Ne ye DS em 51 125 
ienEy Terr COOTER &. COIOTS (2 2. oak a5 eo ete 25 150 
Pe IGMMLICHEOUE WIC TOCK: son ccacccon ceetneateceae rs sa Houcenecncasatadeascannosemcclee 9 159 
TA STG) a a a TS Ss a ee een 6 165 
Ce TSG tant aps eS pel Re aa a Soll 2s ace laa En I 5 170 
CE SPE EE ce ee ee ees) ae 185 
ULE TG PLUS payee Se al ER a dS dp Se Re A ee ee eee bend ae 200 
LID ELGG! Gap eS SRS Ee EE 60 260 
MPR DeLIG EEL He BOING \AGTIC! 2607-2 ee a 20 280 
BS) yc 8 a A a SR A A ae ee 13 293 
SEI @) GLEE a a ee eee eon Sere eae 840 
Se BEY yee pee ta Sn I fg a ae EB a ea me a PO a, Ee 861 
MusseseB rest sos0..4ep, 450, 475, 600 ands 585 
Seo (EUG) te 20 Sak a ad SAME ES Sa ol i ee a a 600 
OTANI) 0 eae 4 2 2 I a en es ee ee ee ee ee 630 
MP oreNnale esnnle Caving, Dadly 22s eee .o2 onan ss kee eee 650 
OPO ONE DROS | ies a LL. 2 ee eee ee 745 
Beem eerAT CG MANHIG 9) PAC 22. ot eee oe) ek ee ee 790 
Cp HEA, Oi 2 de ie Se Oe as ee ee ee eee 830 
Limestone and shale, at 860, 900, 925, 950, 980, 1,015 and 1107; 
Solid limestone; traces of natural gas in black rock at 1,190 feet._..__.---._.______- 218 1,340 
SVEN aE) 3p = aS a SR ae Sk aS Re Beene ee eee ee 100 1,440 
DEEL, age ee SE A 5 oh Ee Rs 10 1,450 
CES ph a SS a a aa a ee Oe Le 5 46 1,496 
LESLGSP Oy) jee 5 oe A i IER ES OS a a eS a, SD Ee ee 256 1,752 
er LOS a= eo agai Ry See a | ne ee h 40 1,792 
CUPS ULLLe) coca pele INR REI SRS Oe AU UE SS aa 108 1,900 
DitUMEMOMeAN ean, NMeStONG 22. seen eset ee el ss 50 1,950 
i a ra ne ae re tee ae ee PSTN ie oe 100 2,050 











The water is lifted from the well into a surface reservoir and 
thence pumped into a standpipe from which it is distributed, by 
gravity pressure, through 81 miles of mains to 74 fire hydrants 
and 352 service pipes. It is estimated that about one-fifth of 
the homes are connected with the waterworks and that an aver- 
age of 63,000 gallons of water is consumed daily. 

The chief deterrent to the extensive use of well No. 3 is its 
heavy mineralization. The water, as shown by analysis (p. 201), 
is so hard that it is undesirable for toilet, laundry, or boiler 
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uses; its iron content discolors vessels in which it is used, and 
it is so salty that it is somewhat unpalatable. If, as seems not 
improbable, enough water can in years of normal rainfall be 
obtained from a system of wells or infiltration galleries in the 
drift gravels known to exist in the vicinity of the city, this 
source would be preferable to a deep well, as the water is bet- 
ter and would probably be much more extensively used by the 
people. The pumping lift would also be much less. The deep 
well could be held in reserve to furnish a supplemental supply 
when needed. A third possible source of water for Centerville 
is filtered water from Chariton river. 


The Chicago, Rock Island & Pacific Railway well is situated 
on an upland, which is trenched, at no great distance from the 
well, by deep ravines that lead to tributaries of Chariton riv- 
er a few miles away at a level 150 feet lower. The well was 
dug to a depth of about 37 feet and ends in a bed of sand from 
which about 3,500 gallons of water an hour are recovered. 

Moulton.—The Electric Light Company well at Moulton (pop- 
ulation, 1,233) has a depth of 538 feet and a diameter of 6 to 34% 
inches. It is cased to 498 feet. The curb is 987 feet above sea 
level, and the head 230 feet below the curb. It yields 16 gallons 
of highly mineralized water a minute from 40 feet of hard 
white sandstone at 530 feet depth. It was completed in 1905 
by F. D. Tuttle, of Cedar Rapids. 


Driller’s log of well at Moulton. 

















Thick- 

nese Depth 

Feet Feet 
8) F 0 eect el ee ne ee TS i ee OR ee ee Dp pe 100 100 
Sand, hag Bb bce anne cnen ccc ee ee eS ee eee 100 
No TE a a we re ce ee ee ee eee 300 400 
Shale. ‘dark, sticky ©... ee eee eee 63 463 
Dimpstone) -io2.<  eaa eE ee e eeeeeee 24 487 
Sand, white, GANG ise Si ee ee ee ee 43 530 


Limestone senna sews sn sans elas bs eves gales Dn led he at nen Secs emt me ek cease cep 2 5382 
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CLARKE COUNTY. 


BY HOWARD E. SIMPSON. 


TOPOGRAPHY AND GEOLOGY. 


Clarke county is in the southern portion of the state, on the 
divide between Mississippi and Missouri rivers. The crest of 
the divide has here an easterly trend and pitch, so that though 
the drainage of the northern slope is toward Des Moines river 
and that of the southern slope toward the Missouri, the drain- 
age of the main eastern slope is divided between the two. The 
area is primarily a drift plain into which the stream valleys 
have been carved, and all parts of it are well drained by open 
valleys separated by broad flat-topped uplands. 

The entire surface is mantled with loess and Kansan drift 
which, in many places, is 100 to 150 feet thick. 

Throughout the county the drift rests on Carboniferous rocks, 
for the most part belonging to the Missouri stage and consist- 
ing of limestone, shales, and some thin coal seams. The Mis- 
souri stage thins eastward and is absent in the valleys of some 
of the larger creeks on the eastern and northern borders of the 
county, thus bringing the rocks of the Des Moines stage di- 
rectly beneath the drift. The Des Moines stage consists chiefly 
of shales and sandstones with some limestone and beds of coal 
and is the productive coal formation in the state. Though well- 
marked local dips occur, the strata are in general practically 
horizontal. 

UNDERGROUND WATER. 


SOURCES. 


The water supply of Clarke county is obtained chiefly from 
shallow wells in the drift, which are in general satisfactory 
for domestic and stock use but are inadequate for public sup- 
plies. 
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Two important water horizons occur in the drift, one in the 
sand immediately underlying the loess, locally known as first 
sheet-water, and the other in the sand and gravel beneath the 
Kansan, locally known as second sheet-water. In some locali- 
ties other water-bearing sands and gravels are found higher 
within the drift, but the water is likely to be so polluted with de- 
eayed vegetable matter as to have a disagreeable taste and odor. 

On the lower ground in the county water is obtained as a rule 
from shallow wells dug and bored to the first horizon, though 
many of the stock-farm wells reach the second. On upland 
divides the water from the first horizon, though fairly satis- 
factory in quality, often fails in dry seasons owing to the gen- 
eral lowering of the ground-water level. The depth at which 
it is reached ranges from 10 to 40 feet, depending on the thick- 
ness of the loess. Where sufficient water is not obtained from 
the subloessial sand, wells are bored or drilled to the sand and 
gravel just beneath the drift, which horizon may be within 50 
feet of the surface or may not be within 250 feet; the supply, 
however, seldom fails. 

Water from this deeper sand and gravel is obtained on the 
farm of Adam C. Rarick (SE. % sec. 18, T. 72 N., R. 26 W.) 
from a well 163 feet deep in which the water level is but 16 feet 
below the surface. The water is hard and slightly mineral. 

Local failures to find water in the drift have resulted in the 
sinking of a few wells into the bedrock. Those reported range 
in depth from 250 to 300 feet, and probably draw supplies from 
the limestone of the Missouri stage. The water is said to be 
very satisfactory for stock, but the data are insufficient to war- 
rant very definite conclusions as to the general value of this 
limestone as an aquifer. From evidence obtained in the sur- 
rounding counties, however, it is known to be generally unsat-_ 
isfactory on account of hardness of the water and its meager 
quantity. One of the deepest and best wells of this type is that 
of Louis A. Brown, three miles northeast of Murray (SH. 4 
sec. 35, T. 73 N., R.27 W.). This well is 298 feet deep, enters 
rock at a depth of 189 feet, and draws its chief supply from 
the limestone of the Missouri stage at a depth of 260 feet. The 


UNDERGROUND WATERS OF THE SOUTH-CENTRAL DISTRICT 941 


water is hard and stands 80 feet from the surface. R. Arnold, 
seven miles southwest of Murray, failing to find a satisfactory 
supply of water by digging 90 feet, drilled 340 feet to water; 
and John Diehl, 4144 miles northeast of Osceola, drilled 320 
feet to find water. Drilled wells are more common in the west- 
eentral part of the county. 


SPRINGS. 


In the more hilly portions of the county many good stock 
springs are found on steeper slopes, where the sand and gravel 
layers of the drift outcrop. Shallow wells dug on hillsides tap 
similar strata and are made to flow into cattle troughs by 
means of pipes let into the lower side a few feet below the sur- 
face. For a fuller discussion see Lucas county, p 953. 


CITY AND VILLAGE SUPPLIES. 


Murray—Murray (population, 796) has no public system of 
water supply. Fire protection is afforded by a half dozen open 
wells 30 feet deep, pumped by hand. 

Osceola.—The public supply of Osceola (population, 2,416) 
is secured from an artificial reservoir, 2.72 acres in area, which 
collects the surface drainage of 280 acres of pasture land. A 
triplex pump (capacity 250 gallons a minute) raisesethe water 
from the intake well to a 60,000-gallon tank elevated on a 90-foot 
tower. The water is distributed by gravity through about 
four miles of mains to 27 fire hydrants and 50 taps. In case 
of fire direct pressure of 120 pounds may be applied by pump- 
ing. The average consumption is 10,000 gallons daily, sold at 
rates ranging from 35 to 20 cents a thousand gallons, according 
to the amount used. The Osceola Light, Heat, & Power Com- 
pany, which pumps the water, finds it satisfactory for use in 
boilers. It is customary to treat it with a small quantity of 
kerosene. The city system is connected with the Chicago, Bur- © 
lington & Quincy Railroad tank, so that in case of emergency 
either system may supply the other. 

Sediment is removed from the water by a mechanical filter. 
The supply -is sufficient to meet all demands and is fairly sat- 
isfactory. 


942 UNDERGROUND WATER RESOURCES OF IOWA 


Unfortunately information regarding the underground-water 
supply in this county is exceedingly meager. <A well is said to 
have been sunk at Osceola to a depth of 1,953 feet, diameter 
eight to four inches; but no further information was obtain- 
able. 


WELL DATA, 


The following table gives data of typical wells in Clarke 
county : 
Typical wells in Clarke County. 




















Ds 2 
5 & = 
an oS x) 
Owner Location 1 ie i Remarks 
| Ay 2 Of 
Le. cS ek aliens 
fat ‘a wi fd 
Feet | Feet Feet 
A. ©. Rarick__._|[SE. 4 sec. 18, T. 72 N.,| 163 |__----|Drift sand_| 16 | Hard -and slightly min- - 
R. 26 W. eral. 
William Beebe --_|SE. 4 sec. 29, T. 71 N.,|} 250 | 250 |Sandabove}] 100 
tee : bed rock. 
L. A. Brown_...|SE. % see. 85, T. 738 N.,| 298 | 189 |Limestone_| 80 |Water bed at 260 feet. 
R. 27 W. 








DECATUR COUNTY. 
BY 0. E, MEINZER AND W. H. NORTON. 


TOPOGRAPHY. 


The upland level in Decatur county lies 1,100 to 1,200 feet 
above sea level, and is cut by numerous southward-trending 
stream valleys into parallel ridges and trenches that must be 
crossed by east-west railways and wagon roads. The prin- 
- cipal stream, Grand river, occupies a broad flat-bottomed val- 
lay 200 feet below the flat-topped ridges and plateaus. 


GEOLOGY. 


Beneath the uplands and, to some extent, beneath the valley 
sides, is a thin but widespread deposit consisting of loess and 
related gray-blue plastic clay, in some places partly oxidized 
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to yellow. This plastic clay is nearly free from grit but in- 
cludes locally some tiny pebbles, as can be seen in the railway 
cut at Lamoni. In fineness of grain and imperviousness to water 
it differs: sufficiently from the typical loess to influence pro- 
foundly the agricultural value of the land. Over the wide flood 
plains of the principal streams the surface formation consists 
of alluvium. 

Next below the loess and clay, or in many localities lying 
at the surface, is an accumulation of bowlder clay with minor 
amounts of sand and gravel. The bowlder clay is weathered 
and yellow at the top, but is darker, more compact, and quite 
unweathered at some distance below the surface. The upper 
part is Kansan in age, but there is reason to believe’ that the 
basal deposits belong to an older drift sheet. Beneath the 
uplands the average thickness of the drift and associated mate- 
rial is probably not far from 200 feet, but in many places the 
streams have cut through to the bedrock. 

The rocks upon which the drift rests belong to the Pennsyl- 
vanian series of the Carboniferous. Throughout most of the 
area the upper rock is predominantly a limestone, well exposed 
in the quarry 142 miles southwest of Davis City; it marks the 
base of the Missouri stage of the Pennsylvanian and overlies the 
Des Moines stage of the same series. The latter consists of sev- 
eral hundred feet of strata that are predominantly shale, though 
they include numerous thin beds of sandstone, limestone, and 
coal, with heavy beds of sandstone near the bottom. Shales 
belonging to the Des Moines stage outcrop in the valleys in 
the southern part of the county. The sandstone near the bot- 
tom of the Des Moines stage is shown in the lower part of the 
section of the Biggs or Hazlett well (p. 949). Its occurence 
is noteworthy, as no sandstone corresponding to it has been 
reported in the counties directly east. A higher bed of sand- 
stone was penetrated in the Sharp boring at Leon. 





1Bain, H. F., Geology of Decatur County: Ann. Rept. Iowa Geol. Survey, Vol. 8, 
1897, Dp. 2838-292. 
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Section of Sharp prospect hole at Leon. 


(NW .% NE.2 sec. 32, T. 69 N., R. 25 W.) 
[Altitude of surface, about 1,050 feet.] 

















Thick- 
"ar Depth 
Feet | Feet 
Bowlder: G1 Vigoss ee os oo ace annonce as onan aE ae bee eae ee 23 23 
Sand (dry). geetse ates a oc ia a no ee ene se ete See ee 3 26 
Glacial] Grist eee oi on oa nk ee 274 300 
Sand (withivatenuer - 20052 See eee 5 805 
SAIC oes eee ee ak Soin eo esc wees ee a ee 84 339 
Limestone jen calcareous: shale-._.... 2.2.20 eb ee ee eee 2 841 
SY Ga ec a ca les le 41 382 
pander pers fine-orained )\W. <= t_ =<. ee eee eee 7 389 
PU yp on La 1, SE 2 SR ee ee ee TE ete San a ke 19 408 
Limestoue Ja EER ia et een Me ETS AA Ee Pe 4 4083 
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A complete description of the drill core of the Sharp boring 
has been prepared by James H. Lees, Assistant State Geologist 
of Iowa, and is published in Iowa Geol. Survey. Vol. XIX, pages 
247 to 251. 


UNDERGROUND WATER. 


SOURCES. 


In Decatur county water is obtained from (1) the alluvium, 
(2) the upper layer of the glacial drift, and (3) sand beds at the 
base of the drift or incorporated between deposits of bowl- 
der clay. Reliance is placed chiefly on shallow dug or bored 
wells which end near’ the contact of the loesslike clay with the 
oxidized bowlder clay or which penetrate the latter, ending if 
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possible in a gravelly zone. The extent to which the surficial 
water table follows the irregularities of the surface is remark- 
able. Thus, for instance, in ascending a hillside at Leon one 
may find a succession of shallow wells, each with water near 
the surface and with the water level differing notably within the 
space of a few rods. This condition is also illustrated by the fact 
that in some places artificial springs are made by projecting an 
iron pipe horizontally from the bottom of a hillside well to the 
surface farther down the slope. It is obvious that the steep gra- 
dients of the water table are correlated with imperfect porosi- 
ty of the water-bearing material and small yields of the wells. 
The shallow water is moderately hard but otherwise good, ex- 
cept that in many places it is obviously exposed to pollution, 
‘some hillside wells, especially in villages, being so located that 
they must receive the direct seepage from privies on higher 
ground and not many yards distant. 

Altogether a number of wells have been drilled to the lower 
part of the drift and beds of sand have generally been en- 
countered, but it seems that the water from these is likely to be 
meager in quantity and poor in quality, though further pros- 
pecting might develop more favorable results. 

The water-bearing strata in the Pennsylvanian series are 
for the most part so thin and imperfectly porous that their 
yield is small. The water is rich in sulphates, which give it 
a certain medicinal value as a laxative, but make it undesirable 
for general household use and also cause foaming in boilers, 
especially in locomotives. In hardness and scale-forming prop- 
erties it differs widely, the water from some wells being rel- 
atively soft. 

In the valley of Pot Hole Branch (sec. 29, T. 68 N., R. 26 W.), 
where Pennsylvanian strata are at the surface, a six-inch well 
was drilled through limestone, shale, and a little sandstone, etc., 
to a depth of 118 feet, where a porous seam was pierced, from 
which mineralized water with a laxative effect issued and rose 
to a level 30 or 40 feet below the surface. 


Two miles south of the state line, near the southeast corner 


of the county (NW. 14 sec. 1, T. 66 N., R. 24 W.), in a valley 
60 
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bottom whose altitude is about 672 feet above the sea, a feeble 
flow was obtained by drilling into Pennsylvanian strata to a bed 
of quicksand at the depth of 153 feet. The water is rich in 
sodium sulphate and is used for medicinal purposes. Several 
. other wells in this locality are of the same character except that 
they have never overflowed.* 


It is evident from the above that the water from different 
seams does not rise to an accordant level and that there is a 
possibility of striking a flow in any deep valley. However, 
such flows are invariably weak and of very little, if any, prac- 
tical value. 

By expensive drilling, deeply buried water-bearing for- 
mations can be tapped, but the water is likely to have a low 
head and to be of bad mineral quality. 

With present prospects, deep drilling can hardly be recom- 
mended, yet, on the other hand, run-off waters stored in sur- 
face reservoirs must be regarded as far from satisfactory and 
the condition of the private wells is most insanitary. Pre- 
liminary to installing water-works, every municipality can 
afford to explore the resources of the drift and other uncon- 
solidated deposits above the bedrock, and it seems probable 
that if right methods are pursued enough water can in most 
places be secured from such a source. If no bed of sand that 
will furnish enough water of reasonably good mineral quality 
is found in the deeper parts of the drift, then it may be possible 
to develop a sufficient supply from the shallower parts of the 
drift. It is seldom advisable to dig a single well of great diam- 
eter. If, instead, smaller holes are bored at proper distances 
apart, the excavation of a given amount of earth will result in 
a much larger infiltrating surface, and the expenditure of a 
given amount of money ought to result in a larger supply. 
Moreover, such a system is elastic, for the number of bored 
wells can be increased indefinitely and the contributing area can 
thus be enlarged until the requisite amount of water is securec. 
It is not generally understood that any number of bored wells 
ean, without difficulty or great expense, be connected at the 





1Shepard, EH. M., Underground Waters of Missouri: Water Supply Paper No. 
195, U. S. Geol, Survey, 1907, p. 68. 
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bottom by horizontal iron pipes so that one pump can draw 
from all of the wells simultaneously. This method of connecting a 
series of wells could also be employed to much advantage on 
stock farms. 


If the wells are spaced about 25 feet apart and are not less” 
than two feet in diameter they can be connected by boring hori- 
zontal holes an inch or two in diameter from the bottom of one 
well to the bottom of the next, so that the water contributed 
by all can be lifted by means of a single pump placed in 
any one of the wells. These horizontal holes can be bored 
most conveniently with an auger consisting of detachable 
links which can be added as the boring progresses. The links 
should be attached to each other like the links of the chains used 
in pipe tongs, so that the auger can be withdrawn without dis- 
connecting them. The horizontal holes should be provided 
with iron pipes, to make sure that the connections are kept 
open; but if these pipes are small enough to fit loosely the seep- 
age on the outside of them will, in some wells, add materially 
to the total yield. 


CITY AND VILLAGE SUPPLIES. 


Lamom.—At Lamoni (population, 541) a system of water- 
works has recently been installed. The water is obtained from 
a reservoir which holds the run-off from a ravine west of the 
town and has a capacity of 3,500,000 gallons. The water is 
pumped into a tank elevated on a steel tower and is distributed 
by gravity through about three and one-fourth miles of 
mains, tapped by 29 fire hydrants and about 20 service pipes. 


In the town two holes have been drilled into Pennsylvanian 
strata. The well of C. Brown was sunk near the railway 
bridge, where the surface is about 1,110 feet above the sea. 
It is five and one-half inches in diameter and 300 feet deep. 
The drill passed through yellow and blue clay to about 150 feet, 
where a two-foot bed of sand was found that contained some 
water; it then penetrated light colored limestone and dark shale 
and sandstone, with three feet of red shale at a depth of about 
200 feet. The well ends in limestone from which a small 
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amount of water rises to the surface and trickles over the rim 
of the casing. The other drill hole was a coal prospect and is’ 
located on higher ground. It was carried to a depth of 425 
feet and revealed a similar stratigraphic section. _ 

Leon.—At Leon (population 1,991) the electric light plant 
obtains one of the best water supplies in the county from three 
open wells located in a small valley at the east margin of the 
town. Two of the wells are six feet and the other is ten feet 
in diameter; all are cased with brick and go to a depth of about 
40 feet. The water is reported to stand 12 to 25 feet below the 
surface, according to the season. In an ordinary day the pump 
is operated for about 214 hours, in which time approximately 
7,000 gallons are drawn from the wells and the water level is 
thereby temporarily lowered less than ten feet. The wells have 
been in use for a number of years and are reported never to have 
failed. The water is tolerably satisfactory for boiler feed, 
though it forms some scale. 

One well and several coal prospects at Leon have been sunk 
into the Pennsylvanian strata. 

The well was drilled for William Biggs in 1902 at a point a 
few rods west of the city square. It is 803 feet deep and is 
eased with 350 feet of 41-inch, 152 feet of 314-inch, and 210 
feet of 234-inch pipe. The curb is 1,120 feet above sea level. Wa- 
ter was found in sandstone at a depth of 700 feet. No other water 
was reported. The normal water level is 340 feet below the 
surface or approximately 780 feet above sea level. With the 
suction pipe extending 36 feet below water level the yield is 
not sufficient to supply the pump, somewhat less than 40 gallons 
a minute having been reported. In 1906 Mr. Biggs reported the 
yield to be 15 gallons per minute. The analysis (p. 201) shows 
that the water is only moderately hard but that it containg suf- 
ficient sodium and the sulphates to render it mildly laxative and 
give it some reputation as a medicinal water. The water is 
said to be more or less roily at all times. The driller’s log 
follows: 
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Driller’s log of Biggs or Hazlett well at Leon. 
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LUCAS COUNTY. 


BY HOWARD E. SIMPSON. 


TOPOGRAPHY. 


Lucas county lies on the eastern slope of the high plain 
which forms the divide between Mississippi and Missouri rivers. 
The area as a whole slopes gently eastward, but there is a slight 
slope both northward and southward from Chariton, the high- 
est point on the divide in Lucas county. From this vicinity 
Whitebreast and Cedar creeks flow northward through Marion 
county into the Des Moines, and Chariton river, approaching 
from thé southwest, bends away southeastward and thence to- 
ward the Missouri. 
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The entire area is part of a drift plain whose flat and almost 
level surface has been cut, by a few broad stream valleys and 
an innumerable network of smaller ones until every portion 
of the region is well drained. The divides are broad and flat- 
topped, and pass gradually into the gently rolling hills which 
border the valleys. 


GEOLOGY. 


In the broad bottom lands along the Chariton river and White- 
breast and Cedar creeks the alluvial deposits of sand and gravel 
alternating with silt and mud are many feet in depth. 

Over the uplands and extending well down into the valleys 
lies a mantle of the fine yellow clay called loess. Beneath this 
and covering the entire county lies the Kansan drift, a bowlder 
clay containing pebbles of all sizes and shapes, many of which 
are granite or dark red quartzite. The maximum depth en- 
countered in any of the coal prospect drillings of the Inland 
Coal Company was near the center of section 1, Lincoln town- 
ship (T. 72 N., R. 21 W.) at an elevation of 1,017 feet above sea 

level. The section here is not only remarkable for depth but 
for the amount of sand contained. 


Log of coal prospect hole in section 1, Lincoln Township. 
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The bedrock immediately underlying the drift of the entire 
county belongs to the Pennsylvanian series of the Carboniferous 
(Pl. XVI, p. 814) and, with the exception of an irregular strip 
averaging less than a mile in width along the western border, to 
the Des Moines stage. The Des Moines stage consists chiefly 
of shales, sandstones, and a few limestones and coal seams. 
This narrow western margin is slightly overlapped by the rocks 
belonging to the Missouri stage, in which limestone and shale 
predominate. pe 


ba 
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The sandstone of the Saint Louis limestone, which constitutes 
so important an aquifer in the counties to the east as to be 
known as the ‘‘white water sand rock,’’ is not utilized in Lucas 


- county. The top of the upper limestone of the Saint Louis, 


which immediately overlies the sandstone of that terrane, is re- 
ported to be about 350 feet beneath the surface. In NW. 14 sec. 
15, Liberty township (T. 73, R. 22) the Inland Coal Company 
gives the following section, the surface being 832 feet above 
sea level: 


Log of coal prospect hole in Liberty Township. 
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SURFACE WATERS. 


The large streams of Lucas county afford a permanent sup- 
ply of running water which is not only economical but good for 
stock. The springs along the margin of the ‘‘bottoms’’ and in 
the broken lands in the vicinity of the larger streams are greatly 
valued by the stock farmers. 

On many stock farms where running water is not available 
a dam is built across a small ravine, behind which storm water 
collects and usually remains throughout the summer, as the 
drift forms an impervious bottom and prevents rapid drainage. 
The water thus impounded is, however, very unsatisfactory, 
and the condition of such stock ponds toward the close of a 
warm, dry summer may be better imagined than described. 
Such water is suitable for use only in boilers, and for this pur- 
purpose it is probably the least objectionable that can be ob- 
tained in this region. 
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UNDERGROUND WATERS. 


$ 


SOURCES. 


Alluvial bottoms of Chariton river and Whitebreast and 
Cedar creeks afford frequent shallow wells for many stock pas- 
tures. The newer public supply at Chariton is derived from 
this source. 


Most of the wells of the county are shallow and draw their 
water from sandy lenses irregularly distributed through the 
drift or from the sand and gravel deposit commonly found at 
the base of the drift. The remarkable sand layer noted in the 
section given on page 950 seems fairly persistent between the 
Kansan till and the blue clay below (possibly the Nebraskan 
drift); at other points in the eastern part of the county it is 
said to be 40 feet thick and to supply some. large and permanent 
springs. 

Except on the upland divides wells in the drift yield water 
that is satisfactory both in quantity and quality for ordinary 
demands for stock and domestic uses. 


Few wells in the county enter bedrock and none are known 
to pass through the Coal Measures, but the many coal prospect . 
holes afford sufficient evidence of the quantity and quality of 
the contained waters. Beds of sandstone and sandy shale occur 
irregularly in the shales of the Des Moines stage, and though 
many of these sandstone beds are reported dry, some are so 
heavily water bearing as to interfere seriously with mining 
operations. + 


Concerning mine waters in the western part of the county 
Mr. Verner, formerly State Mine Inspector, says: 


Mine waters in this part of the state come from the surface or from sandstone 
lying over a shale roof covering coal. This shale runs from nothing to 70 feet 
in thickness, and when it is thick it permits little water to percolate through. 
When this roof shale is thin, the mines are, as a rule, very wet and it is diffi- 
cult to keep the roof from falling, and it may be necessary to abandon the 
mine. 


Some mine waters are so strongly charged with hydrogen sulphide as to ba 
unfit for general use. Shaft waters are not good for steam making, for they 
pit and corrode the boilers rapidly, and as the waters of the drift wells are 
generally too hard, the boilers of many of the mining plants are supplied with 
impounded storm waters. 
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The sandstone of the Saint Louis limestone, which in this 
county may be reached at depths of 400 to 600 feet, would prob- 
ably produce moderate quantities of pure and wholesome hard 
water provided the water from the overlying Des Moines stage 
were thoroughly cased out. 

The depth and arrangement of the drift and the sandstone lay- 
ers of the Des Moines stage that might be-water bearing are in- 
dicated by the following driller’s log of a coal prospect hole 
drilled by the Inland Coal Company. The hole is located on 
Chariton river bottoms a little northeast of the southwest cor- 
ner of sec. 30, T. 72 N., BR. 21 W. 


Log of coal prospect hole near Chariton. 


{Elevation of mouth above sea level, 971.95 feet.] 
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SPRINGS. 


Many excellent springs emerge from heavy beds of sand and 
gravel of the drift outcropping on the sides of the valleys in 
Lucas county. They are as a rule very constant in flow and 
are of great value on stock farms, as they yield streams of pure 
water, cool in summer and warm in winter, sufficient for 500 to 
1,000 head of cattle, without expense of time, labor, or money 
except the initial cost of walling up and piping to a suitable 
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tank. A spring on the farm owned by Hanna Kent, three miles 
west of Lucas, is typical. This spring flows in a good, strong 
stream from an outcropping layer of sand at the bottom of a 
hill. On the J. M. Taylor farm, 3% miles north of Derby, a 
spring of excellent water is located on the ‘‘old Mormon trace 
road’’, so called because the locality was used by the Mormons 
in their western migration as a camping ground on account of 
the ‘‘plenteous water.’? The ‘‘Black Spring,’’? owned by Mr. 
George Johnson, five miles northeast of Russell, flows a perennial 
stream of clear, hard water. 


CITY AND VILLAGE SUPPLIES. 


~ Chariton.—The public water supply of Chariton (population, 
3,794) is drawn from shallow wells in the alluvial gravels and 
sands underneath the bottom lands along the Chariton river 
about two miles south of the city and about 89 feet below the 
level uplands. The water is pumped into an elevated tank in 
the city and supplies seven miles of mains leading to 60 fire 
hydrants with water under about 50 pounds pressure. This 
normal pressure is supplemented by-a steamer service for fire 
protection. 


The Chicago, Burlington & Quincy Railroad formerly obtained 
water for engines, roundhouses, and shops by a dam across a 
branch of Chariton river immediately west of the city, supple- 
mented by two wells 12 feet in diameter and 30 feet deep. The 
better well yielded 35,000 gallons of water daily. The water 
was a good boiler water for this region, but the reservoir was 
unsatisfactory on account of the tendency of the river to flood 
in spring and to go dry in summer, 

Recently the company constructed a new reservoir a short 
distance farther west of the city, by damming a small stream 
fed by permanent springs. The dam is 30 feet high in the 
middle and the resulting pond is 114 miles long. Abundant 
supply of satisfactory boiler water is secured. 

The deepest well reported at Chariton, that at the Electric 
Light Company plant, is 70 feet deep; little water is obtained 
below 33 feet, and that little is very hard. 
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Derby.—At Derby (population, 326) bored wells 10 to 60 feet 
deep, averaging 33 feet, are commonly used, as they furnish a 
good supply of water which rises within a few feet of the sur- 
face. There are several fine springs in the neighborhood. 

Inucas.—At Lucas (population, 666) water is obtained from 
drift wells ranging in depth from 15 to 50 feet. 

Russell_—Wells at and about Russell (population, 612) are 
shallow, averaging about 30 feet. The city well, 6 feet in diam- 
eter and 30 feet deep, is used by the public for drinking and 
for teams. A well 9 feet in diameter and 31 feet deep, and two 
cisterns 10 by 12 feet, constitute the supply for fire protection. 
The water is pumped directly by a gasoline fire engine. The 
city well yielded 120 gallons per hour when dug. 

A composite well section in and about Russell, showing fairly 
persistent gravel layers, is as follows: 


Composite well section near Russell. 
Thickness in feet. 


Olan ds LOCKS uated rita sino cere, reiec cifras tia cd acral 8 to 20 
Subloessial sand; scanty water. 

MWEHOW, (tll SCR ANSON). burck tae cis cieh te wee cee oe wtere gees 9 to 30 
Gravel at base of Kansan till; water bearing. 

Clay F DIU sistin sacterrer scarce cin ietew Sc cinlcis wise econ 8 ae «eee. 10 to 60 


Coarse sand and gravel; much water. 
‘Coal shales. 


WELL DATA, 
The following table gives data of typical wells in Lucas 


county : 
Typical wells of Lucas County. 
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Owner Location £ Source of supply (Lo bi aren is fee 
Fr a gsg 
Qa a 
o o 
A A 
T. 72 N., R. 21 W. 
(Lincoln). 
Feet | Feet 
A. Oulbertson-.-.----.| NE. 4 sec. 18_--.. 342 94 | Drift sand; sand-|} Clay, 10; sand and 


stone (Des Moines).| gravel, 84; Ooal 
Measures, 248. 


D. G. Bennett.-...-..| SE. 4 sec. 24.___- 304 70 | DFitt (Sang, -s-s— Loess, 10; drift, 60; 
Coal Measures, 234. 





J. A. Slattengren.-._| SW. 4 sec. 28__-| 324 Opal ee OO aero. 8s Olay, 50) "sand, 715s 

Coal Measures, 259. 

L. O. Whitten....._| NE. 34 sec. 18....| 181 17 | Sandstone (Des Drift, 17; Coal Meas- 
Moines). ures, 114, 

J. M. Oowan........-| NW. % sec. 8-.--.| 174 221 Drift: sandvoua.+-.--2} Olay, . 11; *sand; 2 1%$ 

Coa] Measures, 152. 

©. G. Erickson.-.....| NE. 3 sec. 2.----. 148 21 | Sandstone (Des Clay, 18; sand, 3; 

Moines). Coal Measures (with 








45 feet of sand- 
stone at base), 127. 
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MADISON COUNTY. 





BY HOWARD E, SIMPSON. 


TOPOGRAPHY. 


Madison county is on the eastern slope of the divide between 
Mississippi and Missouri rivers. On the whole the area is a 
maturely dissected drift plain sloping gently to the northeast, 
in which direction the principal streams, North river, Middle 
river, Clanton creek, and South river, flow toward Des Moines 
river. The southwest corner of the county is drained by Grand 
river, which flows southward toward the Missouri. 


In the western and southern parts of the county the relief is 
very slight; in the northeast part the flat-topped uplands are 
trenched 100 to 300 feet by deep broad valleys with abrupt sides. 


GEOLOGY. 


The loess, a whitish buff clay, free from gravel, covers all 
uplands in Madison county and extends well down the slopes 
into all the larger valleys. This deposit is not so thick as it. 
is in the counties to the south and east. The Kansan drift under- 
lies the entire county except where eroded away from some of 
the steeper valley sides. In its upper parts much woody and 
vegetable matter is found and in some places gas has. been re- 
ported. These facts suggest that the deeper sand is an inter- 
glacial gravel of Aftonian age. 


“The drift in the western and southern portions of the county 
rests directly upon the Missouri stage, here represented by 
some heavy beds of limestone with shale. The limestone of the 
Missouri stage is much altered above and the well sections fre- 
quently show a few feet of geest, or residual soil, between the 
drift and the unaltered limestone. In the northeastern portion 
the drift rests upon the Des Moines stage, which consists chiefly 
of shales and sandstones with some limestones and coal seams. 
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All the formations are nearly horizontal except for slight local 
dips. 
UNDERGROUND WATER. 


SOURCE AND DISTRIBUTION. 


Sandy layers within and at the base of the loess yield small 
quantities of water to wells, few of which exceed 30 feet in 
depth. The loess is extensively used except on the uplands 
where it has been found very unsatisfactory owing to the 
serious diminution and frequent failure of its water supply in 
dry seasons. The upper sand bed and loess is dry in ‘‘ridgy”’ 
ground except in the middle of ridges. 

The water-bearing sands and gravels beneath the Kansan 
drift form the chief source of water supply for the county and 


~ are tapped at depths ranging from 20 to 200 feet. Locally, 


water may be obtained by sandy layers within the Kansan drift. 

In the uplands about St. Charles water is found in the Kan- 
san by wells about 30 feet deep, and in deeper drift sands over- 
lying blue clay practically free from pebbles at depths ranging 
from 50 to 60 feet. 

In view of the importance of the drift waters in Madison 
county a composite section on the uplands about Winterset is 
of interest. 

Composite section on upland near Winterset. 


Thickness in feet. 


SOll ANG, YCLOWsIOCHSMULYa es pisiccicias cecksr ces ceaseicsoces 10-17 
Loess, blue-gray, water bearing......cccrccscccccvccces 3-10 
Sands Water DOarine aerate tects ccs soe tices side cw dees wore 2. 
Till, yellow; some sand beds and pockets, the latter usual- 

Ly Swater bearimerews ae een toe daa ret cccsdelsceteee 10-30 
Till, blue, variable and often wanting; water very scarce.. 40 
Clay, light blue; much sand and gravel and many bowld- ~ 

ers; generally much water immediately over bedrock.. 1-3 


The surface of the uplands underlain by limestone of the' 
Missouri stage is so nearly level that, though the drift is but 
a few feet thick, few wells penetrate to rock. An abundance of 
good water is found in the limestone or in sandy layers at the 
base of the loess. Ground-water level is so high that water 
stands near the surface in the shallow dug wells or overflows. 
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as in the 13-foot well on R. A. Lenscher’s farm (SE. 14 sec. 19, 
T. 77 N., R. 29 W.). An excellent type of the deeper drift well in 
this vicinity is that of J. M. Hochstetter (SE. 14 sec. 29, T. 77 
N., R. 29 W.), a 50-foot well to sub-Kansan sands, which yields 
an abundance of fine water, with head 15 feet from the sur- 
face. An interesting result of the ease with which water is ob- 
tained in this region is noted in the absence of windmills over 
the farm wells. Such conditions are found in the vicinity of 
Earlham and the region southwest. 

On the higher divides about Macksburg the loess is generally 

dry and the wells are bored to depths of 20 to 60 feet, many 
of them drawing their supply from the gravels beneath the 
Kansan. Not uncommonly the higher farms find serious dif- 
ficulty in obtaining a full supply. 
_In the broad belt of broken ground lying east of Earlham, 
Winterset, and Barney, the stream valleys are cut through to 
the soft shales and the uplands between are capped with the 
limestone. Here the loess and upper sands are well drained 
except in the middle of the broad divides, and wells are sunk 
to the sands at the base of the drift. The many outcrops of 
limestone in the sides of the valleys suggest why even these are 
dry in some localities. On the farm of G. W. Bowles (SW. 
Y% sec. 20, T. 74 N., R. 27 W.) five dry holes, ranging in depth 
from 75 to 170 feet, were sunk; and on that of Jesse Roberts, 
114 miles northeast of St. Charles (SE 14 sec. 12, T. 75 N., RB. 
26 W.), 14 dry holes were dug before water was obtained from 
a valley well 35 feet deep. The aquifer in this well is a sandy 
layer at the base of the drift and above the shale, as shown by 
the following section: 


Section of Roberts well near St. Charles. 




















Thick- 

ness Depth 

Feet Feet 
Olay, yellow -.------- Pea ae A oe le ed ee ont ee eae 25 25 
Sand one arn  o nay Sonn cece c ae ee eens teen eee as aa eee ates 3 28 
SSN eh 6 es ro a a a a a a en a ee 7 35 
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The drift sands overlying limestone in the broken region are 
thoroughly drained, but the water in those over shale is re- 
tained. 

Few wells in the county completely penetrate the drift. Some 
of those in the western and southern portions of the county find 
a good hard water in the second or third heavy limestone beds 
of the Missouri stage, since these are interbedded with thin 
layers of clay or shale. In the northeastern portion of the 
county, where the drift overlies the Des Moines'stage, the rock 
wells are even more uncertain. A few obtain good supplies 
from sandstone beds, but the water is frequently highly mineral- 
ized. One well, that of Finley McDonald (see p. 960), penetrates 
the entire Coal Measures and draws a fair supply from the 
Saint Louis limestone at a depth of 799 feet. 


SPRINGS. 


Strong flowing springs are common along margins and out- 
crops of the limestone of the Missouri stage, and seepage springs 
are more or less frequent where drift sands outcrop in broken 
lands. The former afford valuable supplies of stock water on 
the margin of the deeper valleys. 


CITY AND VILLAGE SUPPLIES. 


None of the towns of the county except Winterset have pub- 
lie supplies other than that furnished by shallow dug wells on 
the main streets, the water being drawn by hand pumps. 

Winterset—At Winterset (population, 2,818) water is ob- 
tained chiefly from drift wells ranging in depth from 10 to 
100 feet, the supply varying greatly with the season. One of 
the four wells which supply the Electric Light Company plant 
may be considered typical. The section is as follows: 


Log of Electric Light Company well at Winterset. 

















Thick- 

ness Depth 

Feet Feet 
LEI peg nce a a RR lS ES Reel Sk ed BR Ra a 3 3 
WWOTEE  SYCTIG aoe ES eae ee SS ee aa 10 18 
Sl UCN ae a) ee eae = Sale A Cm eae SAE, ee, oe 22 
aE ET at Cee aa ee ee 5c ee ee 1 36 
UND TS Ct ten oR eS ee Se Be 16 52 


LARC AT eae Sak RS See eS Se SAE ea a ey (enn (eke es 
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Water is found chiefly just over the limestone and is very 
hard and requires considerable treatment to render it fit for 
use in boilers. The wells are four feet in diameter and the 
four yield about 200 barrels daily in the drier seasons. 

The prospect of obtaining water from the deeper formations. 
at Winterset is indicated by the record of the Finley McDonald 
well (NE. 144 NE. 14 see. 1, T. 76 N., R. 28 W.), which has a 
depth of 799 feet and a diameter of 314 inches. The curb is 
approximately 1,100 feet above sea level and the head 190 feet 
below curb. Water was found at 248, 433, 538 (214 gallons a 
minute), 630 to 648 (234 gallons, heading two feet below curb, 
strong flow in sandstone), and 758 to 770 (strong flow in crevice 
at 797 feet). The capacity of the well is 300 gallons per hour, 
lowering 21 feet under 10-hour test. 


Driller’s log of McDonald well. 























Thick 

ness Depth 

Feet Feet 
Olay -GPléistocené)) .. -. 2-45 eee ee ee ee 28 28 
Limestone (Missouri) 00 ee ee eee eee 22 50. 
Shale (Des Moines) of various colors; fire clay, sandstone, limestone, and some 

COA] | Saree ae ee ao ee ec er 562 612 

Sandstone es soe 0s 5 ee ee ee ee 36 648 
Shale; oqvhiteq yee... a. eee es eee 12 660 
Shale, black, bituminous 60 720 
Sandstone, hard, flinty 26 746 
Sandstone, dark colored 12 758 
Sandstone? -white: (base of DessMoines), = Ss Se ee ee 12 770 
Limestone, white; hard, cherty (Mississippian) sJ222. 22 eee eee 29 799 








WELL DATA. 


The following table gives data of typical wells in Madison 
county. 
Typical wells of Madison County. 





























| a“ 
| as es 
| | 2 S Remarks: 
Owner | Location a s Source of supply 2 (Loge even ta feet 
) q Ko) 
a | 2 38 
| a Q q 
T. 76 N., BR. 26 W.| 
(Crawford). 
Feet} Feet Feet 
Peter Cunningham|2 miles north of} 103 64 |Sand, at Dasej-_----- Abandoned; insuffici- 
Patterson. of drift. ent. 
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Owner 


(Webster). 


T. D. Peterman- 


T. 75 N., R. 28 W. 
(Lincoln). 


Dave McCleary -- 


T, 76N., R. 28 W. 
’ (Douglas). 





Finley McDonald_ 


T. 76 N., R. 29 W. 
(Jackson). 


Dave Ford ------- 


Rush Tate ------- 
ive Nie, Ke 27 W,. 


(Union). 
fA. eroley.—_.- 


T, 74 N., R. 27 W. 
(Walnut). 


H. Hatterbuhr_-_- 


T. 75 N., RB. 26 W. 
(South). 


Jesse Roberts --- 
Flouring mil] ---- 


Pett. «kes 20 Ws 
(Jefferson). 


A. D. Fletcher_-- 


Matt Ne, kes O08 Ww. 
(Penn). 


J. M. Hochstetter 


61 


Typical wells in Madison County—Continued. 


961 











T. 75 N., R. 29 W. 


Location 
NW.2 see. (0.25 
5 miles southwest 


of Winterset. 


NEALE 300, Tole ooesoes 


NE. 3 sec. 26...-..-- 


SW.£ see. 182-225 


83 miles east of 


Winterset. 


SEs 800. 718. os toe 
SW. sec. 20_.-.... 


SE} se izece. 
St. QOharles ©2---222- 


SE.%. sec. $6...-.. 


SE .4 see. 02052 ee 





577 


799 


133 


95 


485 


315 


185 
114 


50 











3 
5 - 
x < Remarks 
° o emarks: 
= Source of supply ©. | (Logs given in feet) 
we) uo] 
= $2 
Q ee) 
Feet Feet 
115 | Sandstone (Des|------ Drift, 115; Missouri, 
Moines); lime- 148; Des Moines, 38. 
stone (Mis- All waters only i% 
souri). gallons per minute. 
Mineral. 
100 | Sandstone (Des) 260 |prift, 100; Missouri, 
Moines). 56; Des Moines, 421. 
A weak well. Min- 
eral. 
28 |Sandstone ---.| 190 [Mineral. Test 300 gal- 
(Saint Louis). lons per hour for 
21 hours. Drift, 28; 
Missouri, 22; Des 
Moines, 720; Saint 
Louis, 29. 
21/| Missouri -----. 40 [Good hard water. 
Drift, 21; Missour1, 
20; Des Moines, 92. 
Reeraiemet | oe do -..-..--| 50 !23 gallons per minute 
27 | Des Moines --- 90 |20 barrels per day; in- 
sufficient. Drift, 27; 
Missouri, 27; Des 
Moines, 431. Aban- 
doned. 
8 | Limestone -.-..| 75 |Excellent well. 
(Missouri). 
oot aga | ea do: --.-.-.-|-----_|Scant; abandoned. 
(0 Cloate Vv GDielsicsaaee Unsatisfactory; aban- 
Moines). doned. 
99 | Drift and sand-| 16 
stone (Des on 
Moines). 
100 | Sandstone ---.| 160 |Soft water. 
. (Des Moines). 
eae Drift sand --..! 15 /Abundant and fine. 
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MARION COUNTY. 





BY HOWARD E. SIMPSON AND W. H. NORTON. 





TOPOGRAPHY. 


Marion county lies slightly southeast of the center of Iowa. 
The surface is a fair type of the Kansan till plain, approaching 
a mature stage of dissection. Des Moines and South Skunk 
rivers, conforming to the general trend of the master streams 
of the eastern portion of the state, flow southeastward across 
the northern part of the county, the former draining the major 
portion of the county through Whitebreast, English, and Cedar 
ereeks, which flow parallel to each other from the southwest and 
enter the Des Moines almost at right angles. This attitude is 
probably due to a slope of the plain to the northeast. 

The broad upland divides are gently rolling and vary but 
slightly from 900 feet above sea level; near the main streams 
the land is somewhat rough and broken. Des Moines and South 
Skunk rivers and Whitebreast creek have completely developed 
flood plains with meanders and cut-offs in valleys largely pre- 
glacial. All other drainage is probably postglacial, though 
English and Cedar creeks are also well graded. No morainal 
depressions or ridges remain to impede the drainage. 


GEOLOGY. 


The entire county is covered with loess, Kansan drift, and 
possibly Nebraskan drift, save where the streams have cut . 
through to bedrock or have deposited alluvium on their flood 
plains. 

The bedrock underlying the drift consists chiefly of Carbon- 
iferous shale with some beds of sandstone and coal, all of which 
have been assigned to the Des Moines stage of the Pennsyl- 
vanian series. (See Pl. XIII, p. 626.) In the deeper valleys of 
the eastern portion of the county the drift rests on limestone 
or, more rarely, on the underlying sandstone of the Saint Louis 
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division of the Mississippian series. Formations below the 
Carboniferous are not exposed in the county and are known only 
through deep wells put down at Pella and Flagler. 


The Saint Louis strata have a slight southwestern dip and 
are somewhat irregular, owing to the presence of numerous 
anticlines and synclines of small extent. 

The Des Moines stage rests unconformably upon the Saint 
Louis limestone and contains many minor unconformities, due 
probably to contemporaneous erosion between its beds, which 
dip slightly and thicken toward the southwest. The usual great 
unconformity exists between the Des Moines stage and the drift. 


UNDERGROUND WATER. 


SOURCES. 


Each of three series, the Pleistocene, the Pennsylvanian, and 
the Mississippian, furnishes an important source of water supply 
in Marion county, though all are variable both in quantity and 
quality. 

The chief supply of water in the county is obtained from shal- 
low wells dug in the drift, which is a fairly homogeneous bowl- 
der clay ranging in thickness from 10 to 80 feet, though in few 
places exceeding 60 feet, and which is found throughout the 
county. Water lies within 15 to 40 feet of the surface, generally 
in small sand pockets, veins, or seeps, and almost invariably 
at the base of the drift where it rests on shale. . 

The drift water, where uncontaminated, is of good quality 
and is very generally used for household purposes, since it is 
easily accessible and comparatively free from mineral matter. 
It is, however, subject to pollution in the larger towns and near 
coal mines. Its quantity is generally insufficient except for 
household use and for small farm supplies. Stock farmers find 
it inadequate and either dig large open wells into the shale to 
form reservoirs or drill into the bedrock. 


The Coal Measures rocks consist of coal, shale, and sandstone 
with occasional beds of limestone and conglomerate. Water is 
usually found in the seams and beds of coal, but this water is 
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never potable owing to the abundance of iron and sulphur com- 
pounds in solution. The shales which compose the greater part 
of the group are comparatively dry and where water is found 
in them it is so strongly impregnated with mineral matter as to 
be unfit for use. This is characteristic of almost all waters of 
the Des Moines stage. Exceptions occur, however, in the case 
of thick local lenses of sandstone, several of which are found 
in the county. The best known of these is the channel deposit 
known as the Red Rock sandstone, which occupies an area of 
less than 30 square miles in the north-central portion of the 
county and has a maximum thickness of about 100 feet. Since 
it lies near the surface and furnishes an abundance of good 
water no wells go through it, but, owing probably to contem- 
poraneous erosion, it is lacking in many wells where it might 
reasonably be expected. 

Another important water horizon is in many places found at 
depths of 100 to 200 feet in sandstone lenses some distance 
above the base of the Des Moines and usually above the coal 
seams. The rock varies in color from light blue to nearly white 
and in thickness from 10 to 40 feet, and contains pyrite and 
ironstone concretions, coal, fossils, and shale bands. The water 
is usually of good quality for stock though occasionally mineral- 
ized. The quantity is satisfactory; no well drawing water from 
this horizon has been known to fail under ordinary windmill 
or horsepower pumping, and no severer tests have been re- 
ported. Beds at this horizon are on the whole the most satis- 
factory source of supply for stock farms, quality and quantity 
both considered. 

The third water-bearing bed of the county, known among drill- 
ers as the ‘‘white water sand rock,’’ is a sandstone immediately. 
underlying a heavy-bedded limestone (the upper bed of the 
Saint Louis limestone of the Mississippian). It is a white, com- 
pact, granular sandstone with numerous flinty layers of cherty 
limestone from one to three inches in thickness. At many 
points it is dry above, but at depths of 300 to 350 feet. it con- 
tains an abundant supply of water for all stock wells. All wells 
to this sandstone stand windmill and horsepower tests, and 


ypatlte ee oe Bip sd Sai a pan Rue oes no apnea 
FASS Seren ae 
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exhaustion. The water is generally hard and in some places 
mineralized, but is usually considered good for stock and for 
domestic uses. The Saint Louis will probably prove the most 
satisfactory source in the county, but it is not yet much used 
except-in the eastern part, on account of the expense of drilling 
to the depth at which it lies. Wells to the Saint Louis are rea- 
sonably sure of finding good wholesome hard water, which may 
be utilized in many kinds of manufactures but is unsuitable for 
boiler purposes on account of the lime carbonate and other 
minerals it carries in solution. 

Only two wells in the county, those at Pella and Flagler, go 
below the Saint Louis water rock. 


DISTRIBUTION. 


A few small areas of sand-veneered upland are found in 
Marion county in which the water supply is so interesting and 
unusual as to deserve mention. They lie in sees. 1, 11, and 12, 
iuetuoN., Wy 18 Wes secs. and 12, T. 76 N., R. 20 W.; and 
secs. 10, 15 and 16, T. 75 N., R. 20 W. In all the sand is mixed 
with loess and has been wind borne to the northeast from the 
flood plain of a stream near a point where the erosion of thick 
beds of soft sandstone has been in progress. 

A supply of good water may be obtained in shallow wells 
near the base of the sand stratum, but some difficulty has been 
experienced on account of clogging of screens. Several per- 
manent hillside springs rise from the same source. Though 
the quantity is scant and variable the possibitities of obtaining 
a supply from this source have been demonstrated in the private 
plant which furnishes water to the town of Eddyville in Wapello 
county. 


Along the bottom lands of Des Moines river and its tributaries 
are a number of small flowing wells, most of which are prospect 
holes sunk for coal. Most interesting of these is the 752-foot 
well drilled by the Whitebreast Fuel Company at Flagler, in 
the valley of English creek. A flow was obtained at 320 feet, 
and a stronger one at 626 feet, probably in the Devonian; the 
water has been used locally for medicinal purposes. 
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Three artesian wells have been sunk for stock with good suc- 
cess on the Des Moines bottoms south of the river from Dun- 
reath, and about two miles west of Red Rock. One of these, 
owned by James Worthington, on the line between secs. 3 and 
4, T. 76 N., R. 20 W., is about 215 feet deep and is believed to 
penetrate the Saint Louis, though a slight flow was found in the 
Coal Measures, which increased to 214 gallons. The Robinson 
and Coffin wells are believed to be not so deep. All are slightly 
mineral, but are good stock wells. Several coal-prospect holes 
about Swan produced flowing wells, which have now disap- 
peared and become only boggy places, owing to the pulling or 
rusting out of the casings. All are believed to be 200 to 300 
feet deep. 

Across the river in Morgan Valley and down toward Dun- 
reath other flowing coal holes have been utilized for stock wells. 
Another is in sec. 8, T. 77 N., R. 18 W., in South Skunk 
valley. 

Most of the water of Knoxville and vicinity is drawn from 
shallow wells bored or dug into the drift, where a_ sufficient 
quantity for domestic use is found within 15 to 30 feet of the 
surface. When uncontaminated this is a good source, since it 
is usually free from the minerals which give an unpleasant taste 
to most of the waters from the Coal Measures. The water 
comes chiefly from the sand pockets and small veins character- 
istic of the drift. The supply is, of course, limited, and is de- 
ereasing, requiring the digging of more and deeper wells. 

Probably the best source of water.in this vicinity, quality and 
quantity both considered, is the layer or layers of Pennsylvanian 
sandstone which outcrop extensively in Competine creek valley 
on the east side of town and also in Whitebreast creek on the 
west side. This sandstone is the source of good wells on all 
sides of Knoxville but it seems to die out about three miles 
west of town; at least it is missed from several wells in that 
direction. 

This sandstone is from 10 to 40 feet thick, light blue to white 
in color, and bears some concretions or bands of iron sulphide. 
It is frequently dry above, but near the base at depths of 170 
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to 210 feet contains water, which rises within 90 to 120 feet 
of the surface. It is a very good stock water, and many wells 
drilled for this purpose are also used for domestic purposes and 
are as a rule very satisfactory. The water is rather hard, but 
in only a few places is reported mineralized. Wells drawing 
their supply from this bed are not exhausted by the windmill 
and horsepower pumps in ordinary use on the stock farms. 
Where the sandstone is not found or where its waters are 
unsatisfactory on account of excess of minerals, the Mississip- 
pian ‘‘white water sand rock’’ may be found at depths of 250 to 
300 feet, underlying a bed of heavy limestone. This granular 
white sandstone may also be found dry above, but it contains an 
abundant supply of water toward the base. Though hard and 


frequently of strong mineral taste, it is a good stock water. 


In coal-prospect holes about Dallas a heavy lens of sandstone 
is found below coal seams 180 to 220 feet below the upland and 
80 to 100 feet below the Whitebreast creek bottoms. This will 
probably prove a helpful source of supply for farm wells where 
the shallow wells prove unsatisfactory. As yet, 20 to 40-foot 
wells in drift are in general use. Near Gosport and Attica coal- 
prospect holes to a depth of 150 to 200 feet show little sand- 
stone and slight water. A dry well 210 feet deep has been 
drilled in the northern edge of Attica, but at depths of 250 to 
350 feet the sandstone immediately below the upper limestone 
of the Saint Louis produces some excellent wells. Bored wells, 
10 to 40 feet deep are common about Marysville, Bussey, Tracy, 
and Hamilton, and in the latter place some are flowing. At 
Harvey 10 to 15 foot sand points are common along Des Moines 
river and English creek bottoms. 


SPRINGS. 


Springs, though fairly common in outcrops of Coal Measures 
along the borders of the chief valleys, are generally so slight 
in flow as to be of no importance. The cover of the drift forms 
boggy places rather than springs. Among the best known in 
the county is one known as the Mineral Springs, located 14% 
miles northwest of Hamilton on land owned by M. D. Flanders 
(sec. 27, T. 74 N., R. 18 W.). 


968 UNDERGROUND WATER RESOURCES OF IOWA 


CITY AND VILLAGE SUPPLIES. 

Flagler—tThe 8S. C. Johnson well has a depth of 752 feet and 
a diameter (at top) of 4 inches; casing of iron, cement, and tile 
to 51 feet. The curb is 745 feet above sea level. Water comes 
from depths of 320 and 626 feet, discharging at the rate of 11%4 
gallons per minute. 


Record of strata in deep well at Flagler. 














Thickness. |Depth. 














Pleistocene: Feet Feet 
CIE) see Sale Le ieee el EE eC ee UN a ec ite pe 2 ' 5 
BN sees eee el be a ye ee ee ee 12 17 
Oarboniferous (Mississippian): 
Undifferentiated 
PRITHIGA DONG © ance cet 28 45 
Shales sandy) ee ee ee ee eee 6 51 
Sandstone o2--. ee eee 72 123 
TAMeStOne | <=. ae ee eS eae ee 7 130 
Meapenesian limestone. i... <2 .225 052s. eee ee ee ee ee 13 143 
METIMIGSCONG) woos a= oem ee es ere en ee 10 153 
Shale, sandy .-..--..--...2 Le ee ee ee ee ee is 160 
SUSITIOS GON 9 ooo a ee me ee a oe 25 185 
Sbals;! sandy: <3. Ll. SE a eee eee 6 191 
EAIMOR LOM, ee sam we win ae ss me me ee ee ee eee 3 194 
Shelley sandy (...-... 2.2. ..0 ee ee eee 4 198 
(LIMestONe” <—..- = ence asco een ae e po eee eee eee ee 93 291 
Rock; hard, white.22..7 Jo. 22S n eden seca dl ee ee eee iL 292 
MAMCRTONG  ..---5- =a nen cse lose a eee epee ee ee ee cae eee 162 454 
Kinderhook stage— ; 
Shele; sandy .......-.-2- essere ance ee ee es oe eee 72 526 
Devonian: d 
Limestone’ (22s. 55 2 02a on chess ee es ree eee Se ee 64 590 
Shales: sandy | .-- =~ ---- sos Se ee ee eee ere on en eae ee 313 6213 
LORE IG) (CS a ee A et a 654 687 
TD ic coe pa we i a ee a re 65 752 








Knoxville—The public supply of Knoxville (population, 
3,190) is owned by the city and is drawn from Whitebreast creek 
and its underflow at a point about 24% miles west from the city. 
The intake is a timbered tunnel cut through shale under the creek 
bed for a distance of 85 feet and filled in with broken brick. The 
tunnel drains into a large well 22 feet deep. A Knowles steam 
pump, capacity 500,000 gallons a day, forces the water through 
an eight-inch pipe to the city into an open reservoir, the capacity 
of which is 10,000,000 gallons. An electrically driven Gould 
triplex pump with a capacity of 1,000,000 gallons pumps the 
water for general use from the reservoir into a 100-foot stand- 
pipe with a capacity of 96,000 gallons. For fire purposes direct 
pressure is resorted to, a reserve steam pump of 1,000,000 gal- 
lons capacity being brought into use. The supply secured in 
this way is ample for fire protection, but the impurity of the 
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water at the source is such as to render it generally unsatis- 
factory for domestic use. 

Pella.—Near Pella (population, 3,021) the drift is the chief 
source of supply for domestic purposes, though a number of 
wells go 200 to 300 feet to the Coal Measures sandstones and a 
few probably to the lower sandstone, which, however, affords 
only a scanty supply of highly mineralized water. On the bot- 
toms of both Des Moines and Skunk rivers and their larger tribu- 
taries sand points driven a few feet frequently produce quite 
satisfactory wells. 

In 1895-6 the city of Pella drilled an 1,800-foot well. (See 
Pl. XIII, p. 626.) Water was first found in the drift at a depth 
of-150 feet and rose within 100 feet of the surface, close to 
which it has remained ever since, as in other good wells in the 
vicinity. Other water-bearing beds were found from 1,300 feet 
to the bottom in the Galena, Platteville, Saint Peter and Oneota 
formations. The supply from the latter formations was found to 
be- insufficient. Tubing has been put down to a depth of 1,200 
feet, but the amount of mineral matter present makes it prob- 
able that the water is at least partly from the Coal Measures. 
Analysis shows that it contains 9,116 parts per million of solids 
and is so highly mineralized that it is totally unfit for domestic 
or manufacturing or boiler purposes. The only uses to which 
it is put are sprinkling the streets and fire protection, for which 
purpose it is raised by a direct pump operated by a 10-horse- 
power gasoline engine (capacity 120,000 gallons) to an elevated 
tank with a capacity of 63,000 gallons. The original pumping 
capacity was 250 gallons a minute; present capacity, 50 gallons. 
Date of completion, 1896. Drillers, J. P. Miller & Company of 
Chicago. 

The capacity of the lower water beds was tested by inserting 
a three-inch pipe with rubber packing at base 126 feet above 
the bottom of the well; through this pipe but one-half as much 
water could be drawn as on previous tests. Unfortunately no 
test of quality seems to have been made of the lower waters 
when thus separated. 
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Record of strata in city well at Pella (Pls. VIII, p. 420, XIII, p. 626, XIV, p. 660). 




















Thick- | Depth. 
ness 
Quaternary (1385 feet thick; top, 868 feet above sea level): Feet | Feet 
nitis “Ee ee ee ec eta oo ee ee ee ee 6 6 
Till, yellow, mottled with gray; clay predominant ingredient; ocherous 
noduléss7caleateous Cs..- 20 kee ee ee 54 60 
Till, blue, dense, tough, Galeareous_2.2--- 2-2 ee eee eee ee 50 110 
Sand and gravel; pebbles mostly buff, impure limestone and greenish and black 
siliceous clay stone; a fragment of coal and one of fossil wood_-----_------- 25 135 
Oarboniferous: 
Pennsylvanian— 
Des Moines stage (195 feet thick; top, 733 feet above sea level— 
Clay, dark, yellow-gray, sandy; a few small pebbles and fragments of 
gray wnetuous shale ....--..4).. 210. Ge ae Breen 55 190 
Sand, very coarse; fragments of gray and black shale___-___--____-___- 2 192 
Gravel, coarse; up to 5 centimeters in diameter; surfaces stained with 
ferric oxides; in a matrix of black ferruginous clay or shale. Peb- 
bles: greenish black, argillo-siliceous. 22; clay ironstone, 13; flint, 
6; limestone, 6; jasper and quartz, 6; sandstone, 2.__--------------.- 3 195 
Shale, black; gravelly at 235 to 245 feet; fissile and gravelly at 272 feet. 
Pebbles at 272: Limestone, 9; green argillo-siliceous, 6; flint, 12; red 
and yellow jasper, 33, 5.samplesi. 222250922 oe eee 90 285 
Shale, «dark gray: -.=..-..... 241. eee Z “287 
Shale, hard, black, finely laminated, pebbly; 2 samples_-.-----__----__ 43 330 
Mississip pian— 
Saint pou limestone and Osage stage (270 feet thick; top, 5388 feet above 
sea level)— 
Liviescone and shale; in bluish gray concreted argillo-caleareous powder; 
a few minute fragments of light gray limestone, some chalcedony, 
drusy quartz, and quartz crystals Gece. 22c0-- oe ten oe ee eee 15 345 
Limestone; in fine cream-colored powder_...._..2.- 2. — sno eee 30 375 
Limestone and shale; in conereted powder; washing discloses gray lime- 
stone sand, discs of crinoid stems, chalcedony, white chert, and 
particles. of hard blue-green -shaleo. 2222222. ee eee eee eee 25 “400 
Shale, blue, highly calcareéowss.22s-222 25sec ee eee eee 5 405 
Shale;.blue-gray,: slightly ealeareous!...2- 2 2 eee 15 420 
‘Shale and limestone; in light blue-gray argillo-caleareous powder; some 
limestone: ‘and, chert £.22.2.25,.82226 2 AE eee 30 450 
Limestone and shale; in light blue-gray, argillo-caleareous powder; some 
limestone ‘and chert. -....--~.. £82 22S eee 10 460 
Shale and limestone; in powder as above; some fragments of dark 
gray, flint. and a few of limestone!_2..24 ee eee 20 480 
Limestone (?); highly argillaceous caleareous powder; many chips of 
blue and gray flint, a few of light yellow-gray limestone, and some of 
Bhale* fee. 2 a ek ce a a ee ee 30 510 
Limestone; chips of blue and gray flint, drusy quartz, chaleedony, blue 
shale, and many chips of earthy buff limestone_______._._-.-.---_-____ 5 515 
Limestone, light yellow-gray; in sand, with argillaceous powder; some 
Chaleedony 2.620522. 52522-0UR Ee ea eee eee ee eee ee 85 ~ 600 
Kinderhook stage (125 feet thick; top, 268 feet above sea level)— 
Shale, green, \ fissile; some drabi2l— os 2-5 ee eee 100 700 
Shale, green, somewhat calcareous; in molded masses__--_---_------------- 25 725 
Devonian and Silurian (420 feet thick; top, 143 feet above sea level): 
Limestone, nearly white, soft; earthy luster; rapid effervescence_______-____-- 10 735 
Limestone; as above, with sand of hard brownish gray magnesian limestone 
Or ‘dolomite’ 2.2202 ann ro Fs a aa eee ee ee ee ee 10 745 
Limestone, magnesian, light brown, coarsely crystalline, close textured; 
effervescence slow; a few fragments of selenite noted; residue dark brown, 
argillaceous; 4 samples_-_--_-.---_----------------------------------=------=-=---- 55 800 
Limestone, soft; in part chalky; effervescence rapid_..----.-._2-_-= 2 20 820 
Limestone, light gray-brown, magnesian; some ‘‘clod’’ shale of same color, 
DO SAINPICS. 2 25-- a on + aes Se ee een eae cae eee nee tenes ee ee eee 20 840 
Limestone, light gray, crystalline, highly cherty; drillings rusted so as to ap- 
pear lai itr ASE. cain nnee nso inane enon eat eee wea 10 850 
Limestone, blue-gray; in large flakes---_- 223 -0-28 = eee 10 860 
Limestone, light brown-gray and gray; at 860 a few crystals of selenite; 4 
SEVEN DVICS pcre sr ce i ec a ae re ee le a a me 30 890 
Marl, gypseous; in gray-white, concreted powder largely of gypsum; some 
limestone, argillaceous matter, and microscopic crystals of quartz; 2 samples 35 925 
Limestone, light gray, mottled with dark drab; in large flaky chips; num- 
erous crystals Of “selenite. 20-3 Ws oe ee een cocaine pee ae eee 10 935 
Dolomite, ‘hard, gray;.in chips; 2 samples.———-—.-_2-.-- == eee 20 955 
Marl, gypseous, or gypsum; in light yellow, nearly white powder, concreted 
into tough masses; breaking with smooth, slightly conchoidal fracture; friable 
with difficulty; in acid does not disaggregate, though slightly caleareous; 
under the microscope anhydrite is seen to be an important constituent and 
some pyramidal crystals of quartz are observed__----.--------------------.--.- 15 970 
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Record of strata in city well at Pella—Continued. 





















Thick- |Deptn. 
ness 
Feet Feet 
* Shale, blue-gray, strongly calcareous; 2 samples._.-._..--.---.-.--------------- 45 1,015 
Limestone, magnesian, light brown, crystalline__-..-.-.-.-._--------------------- 11 1,026 
Limestone and shale; limestone gray, earthy, pyritiferous; shale, light green, 

ROSMIECTOUS ho ot Lo a ee ee ee ee eee 19 1,045 
Limestone, magnesian, light brown, crystalline___-__ 5 1,050 
Limestone, mottled gray, crystalline, highly gypseous_.--.-------_-...------__---- 5 1,055 
Marl, gypseous; some light gray impure limestone and shale__--_-----_-___--- 25 | 1,080 
Marl, gypseous; 4 samples; at 1,110 feet a few thin flakes of limestone_____ 50 1,130 
fimesrone. Inaenesian, : Dull, ey DSdOUs-eesot eae ne oa nnn enna 5 | 1,135 
Limestone, earthy, soft, gypseous, light gray, in flaky chips_-------._----_--- 3 1,138 
Dolomite, light blue-gray, hard; irregular fracture, microcrystalline; 2 samples 7 1,145 

Ordovician: 
Maquoketa shale (190 feet thick; top, 277 feet below sea level)— 
Shale; green, green-gray, drab, and slightly purplish; slightly calcareous 
or non-caleareous; hard and fissile; 4 samples_---------_---__--_---------.-- 115 1,260 
Shale in molded masses, drab, somewhat calcareous; fine dolomitic sand 75 1,335 
Galena and Platteville limestones (350 feet thick; top, 467 feet below sea level)— 
Dolomite; gray, crystalline, cherty; in fine sand; 4 samples__--_--_.----_-- 90 1,425 
Limestone, rather soft; much gray flint and a little brown bituminous shale 10 1,435 
Limestone, magnesian; in light buff sand; 2 samples_-----------------__--.- 20 1,455 
Limestone, soft, white; effervescence rapid_-------------------_------------- 5 1,460 
‘Limestone, wagnesian, yellow-ergy) =. ---— =< 25 5 a cen ne 5 1,465 
Limestone, light brown, crystalline; effervescence rapid; 2 samples_-__----._ 10 1,475 
Timestone, magnesian, buff, crystalline----~.-—___- ______..=-.......-..-..-. 5 1,480 
Dolomite, cream-yellow, buff, and brown, mostly cherty; residue after 
digestion in acid microscopically arenaceous or quartzose in several 
samples; chert usually pyritiferous with embedded crystals; 11 samples 113 1,593 
Limestone, brown, cherty; some small chips of dark brown bituminous 
ANG Ss 2 STOR a en cr em nn ee ene ees 22 1,615 
Limestone, magnesian, gray, crystalline, with hard, slaty, blue-green shale 20 1,635 
Terres sone. = Tita 2 Cs Aire sens Ge OLN ele re ee se a ee we 15 1,650 
Limestone, gray, earthy, crystalline; rapid effervescence; 2 samples_-___- 35 | 1,685 
Saint Peter sandstone (15 feet thick; top, 817 feet below sea level)— | 
Sandstone, clean, white, quartz sand; 2 samples__.-----__----------.----..- 15 1,700 
Prairie du Chien stage— 
Shakopee dolomite (60 feet penetrated; top, 832 feet below sea level)— 
Dolomite; drillings highly arenaceous, cherty, gray, and buff; 3 samples 40 1,740 
DO LOMN TC, DU ll noses ene as Semester ee is ma oe enn ana aan 20 1,760 








Pleasantville—The entire water supply of Pleasantville, 
(population, 691) comes from sheets of sand in the drift at a 
depth of 20 to 35 feet. Two dug wells on the corners of the pub- 
lic square are used for drinking and afford the only means of fire 
protection. In the country a few stock wells are drilled 200 to 
250 feet to sandstone. 
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WELL DATA. 


The following table gives 
county : 


Typical wells 


data of typical wells in Marion 


of Marion County. 





























' i 
% I of 
S Z et 
" c go Remarks 
= on 2° ° : 
Owner Location i . 9 = : (Logs given in feet) 
+ ~ Koi 
B | ez |. 83 
=) A oat ee 
DS AO Nin pee ok) Ws 
(Franklin). 
Feet | Feet Feet | 
J. Watkins ......_|SE.% sec. 25..-._| 87 75 |Des Moines..|________ | 
J. 74 N., R.19 W. 
(indiana). . 

J. Louden ------ -—~-|NW.% sec. 28....| 105 80 [Des Moines-_-|_______ 

Thos. Craig’ .——..|SE.% sec. 6.-....| 346 260 |Saint Louis-|________ High hill. Highly min- 
eralized and_ salty. 
Stock prefer it to 

| stream or pond water. 

J. K. Cathcart ----|NW.4 sec. 28..._| 320] 260 |_-___ do ---_|_______. 

NW .4 pec. T1224) -210u eee Des Moines_.|--.---.. Dry. 
Frank Caruthers -|Sw.it NW.% sec.| 155 84 |Sandstone___|_____-__ Strong flow, 60 gallons 
33 Saint Louis per minute. Soil and 
clay, 18; sand and 
clay, 16; soft dark 
shale, 2; coal, 4; me- 
dium soft dark shale, 
284; soft light shale, 7; 
limestone, 2; soft dark 
shale, 2; soft light 
shale with limestone 
bands, 12; hard lime- 
stone, seamy, 2; soft 
light sandstone heav- 
ily water bearing at 
base, 60; hard lime- 
stone, seamy, 5. 
T. 74 N.,R.18 W. 
(Liberty). 

M. D. Flanders....\57.4 sec. 25....| 84| 12 |Des Moines__|.------- High ridge 

W. B. Spillman ---/\NWw.4 see. 29...-| 256| 196 |Saint Louis-|--------/High ridge. Mineral. 

TD 16: Nees. 20) Wi. 

(Parts of Union 
and Knoxville). 

Jos. Worthington--/\NE.4 sec. 4_____. 215 30 |Saint Louis?) + 18 |Just before sand rock 
occurs a hard, shelly 
limestone. Flow began 
in Des Moines and in- 
ae in the Louis. 

| ightly mineral. 

W. R. Myers --.-__ SE.2% see. 33__...- fife eee Des Moines_-_|..----_-|Rapid flow 24 feet from 
ro we fine, com- 

act buff sandst " 

David Horsman ---|Sec. 5. -._______- 916 ee St Awe | eee Dry hole. — 

DOW aetascesecee eee GO oont tee 100 5|So0S25. Pees do reee cree een 
TT. 77N. eno 
(Red Rock; part | 
of Union). 
8. D. Robinson -.-|NE.4 see. 4 a= | VTA | Won 2-] —wacenerenes| 4 3¢ |River bottoms. Plow 


from cavity in rock. 
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Typical wells of Marion County—Continued. 
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“4 = 5 
ro) = ec 
a =) 5 Remarks 
~ ° a 
Owner Location ( _ 9 3 z (Logs given in feet) 
aes Ba a3 
QA A see q 
oo oN., 2.19 W. 
(Part of Knox- 
ville). 
Walter Jenkins ____.|SW.% sec. 8. .... 171 72 |\Des Moines__| —110 |Soft water; river  bot- 
toms. 
P. M. Stentz ___...|SW.% sec. 5_--... 169 SOs les 10 cannke — 80 
E. W.* DeWitt_-._.._|SE.% sec. 19-_... 173 |-------|Sandstone__-| — 85 
John Smith -...__.|W. % sec. 33_.....| 253 ae Des Moines--|_______. 
Chas. Bender --__-_- Eh BeC. S8i252c—0| 7100) (oso Ysa =t| C10 Wee ee eo Good well. 
State Inebriate Knoxville ---.-...| 340 83 SSandstone___|________|“‘Second well.”’ 
Home. (Saint 
; Louis). 
S. ©. Johnston____- SW. sec. 2.---| 752 17 |Devonian| + 10 |Mineral artesian. 
rip. BR. 20 W. limestone. 
(Part of Knox- 
ville). ‘ 
B. M. Long_---_-_.|NE.3% sec. 18...) 125 100 |Des Moines__|________ 
John Fee —.._......-|NE.} sec. 2... iG alee Sandstone___| — 
John Bruitt —.._.. SW.2 s8e@,, 2022222)" (0a \teco-ue|Des Moines} 2 8 
Olam men << - | |. Sec, (14 ne ci Od an J CE (9 eee) ee ee Plenty of good water. 
T.76 N., R.19 W. 
(Polk; part of 
Knoxville). 
tonn, Bush ......-._|SE. 3% sec, 31-20 s 277 |-------|\Saint Louis-| + 6 |Slightly mineral. 
T.75 N., R.18 W. 
(Clay; part of i 
Lake Prairie). 
penis sos 1 2h" miles * west Toll; 18b: |acense ho. 5 dO —-- 3... poe eISOtte 
Tracy. 
Brick and Tile Co..;Harvey ---..----- 90 Shiner ans eee Ae 2 00 
To N., BR. 21 W. 
(Pleasant Grove). 
Geo. Erb —_--...--../4 miles southeast] 283 |_.___..|Sandstone__.| —150 |An excellent wel. 
of Pleasantville, (Saint 
Louis). 
evo N:.,  R..18 W. 
(Parts of Lake, 
Prairie and Clay). 
elas Oanning Oo..|Pella .2...22i50- 250 A 0  |E  R ae ely Seant and soft. 
1 yale 0 i eee pene eee rae do: ee eee 300 290 |Sandstone_._| —125 |Strong, hard and salt. 
iiietitea, rower O0.)--.4 do, 2.2222 h2190) |e Drift gravel_| —100 
Gentral *Oollége)2-.\-..2'do <i6u-t se 299 |-__.-._.|Sandstone___| —150 
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MONROE COUNTY. 


BY HOWARD E. SIMPSON AND W. H. NORTON. 





TOPOGRAPHY. 


The topography of Monroe county is of the type characteristic 
of the mature drift plain in southern Iowa. Being on the upland 
between Des Moines and Chariton rivers, the most southerly of 
the many parallel streams of Iowa flowing southeastward to 
Mississippi and Missouri rivers, the plain is well dissected by 
streams flowing irregularly out in all directions from the central 
divide on which the county seat, Albia, is located. The maximum 
elevation is approximately 1,000 feet above sea level on the di- 
vide at the center of the southern border of the county, where 
the Iowa Central and Wabash railroads enter the county, and 
the minimum is about 680 feet above sea level where Des Moines 
river touches the corner of the county at Eddyville. Creeks and 
smaller streams are sufficiently numerous to give complete drain- 
age, though none are of importance for other purposes. Only 
the largest, Cedar creek, which truncates the northwest corner, 
and its tributary, Coal creek, which drains the western half 
of the county, are mature enough to have the broad well-de- 
veloped flood plains characteristic of similar streams in Marion 
and Mahaska counties. Des Moines river has a broad flood — 
plain seven-eighths mile in width and a much broader old pre- 
glacial valley which slopes very gradually to the upland level. 
Its immediate tributaries are so steep as to produce a rather 
rugged topography throughout the northeastern part of the 
county. A small and unimportant part of the drainage of the 
southwestern portion of the county flows into Chariton river. 


GEOLOGY. 


The surface deposit, except where it is removed by erosion, is 
loess, which overlies a fairly thick mantle of drift. The drift 
rests upon the Des Moines stage of the Pennsylvanian series, 
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except over a very small area in the northeast corner, where 
Des Moines river and its tributaries, Grays and Mill creeks, 
have cut through to the Saint Louis limestone (Mississippian). 
The thickness of the Coal Measures (Des Moines stage) is prob- 
ably 300 feet in the central part of the county, increasing to 400 
feet in the southwestern part. The Carboniferous strata dip 
gently to the southwest and slight local anticlines and synclines 
are discovered in working for coal. There is a marked un- 
conformity between the Des Moines stage and the Saint Louis 
limestone. 


UNDERGROUND WATER. 


SOURCES. 


Monroe county draws for water on the alluvium, the Pleisto- 
cene drift, the Des Moines stage (Coal Measures), and the Saint 
Louis limestone. As in other counties underlain almost entirely 
by the Coal Measures, the waters from shallow or moderately 
deep wells are variable in quantity and frequently unsatisfac- 
tory on account of an unpleasant mineral taste. There are no 
distinct underground water provinces in the county. 

Along Des Moines river in the extreme northeastern corner 
of the county, lies a belt of alluvium one to two miles wide, and 
along Coal, Cedar and Avery creeks narrow bands of the same 
deposit are found, in all of which water may be procured in the 
sandy or gravelly layers by points driven a few feet into the 
ground. ; 

In the north-central part of the county near Buxton some 
wind-blown sand occurs (see p. 965). It is, however, little 
utilized, and is of importance as a water bearer over only a 
very small area. 

The fine, yellow, clayey silt known as loess veneers all the 
uplands in depths ranging from a few feet to 30 feet, thinning 
out along stream valleys. It is so closely associated with the 
underlying glacial drift that the two are here treated together. 

The Kansan drift consists of yellow clay mingled with bowl- 
ders, gravel and sand above, passing into a more compact blue 
bowlder clay below. The upper portion is stained yellow and 
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red by the oxidized iron compounds which have been leached 
out, and the blue is the unaltered, unoxidized drift. Few places 
are known in which the drift is over 80 or 100 feet thick, and 70 
feet is perhaps a fair average for the county. The drift is 
thickest in the southwestern part, where few wells penetrate to 
the rock. 


The water which supplies most of the county for domestic 
purposes is procured from dug or drilled wells a few feet in 
depth which open sand pockets and small veins in clay. There 
is, however, below the Kansan till sheet a heavy sand and 
gravel layer five to twenty feet thick, in places cemented into 
conglomerate, which rests directly on bed-rock. This somewhat 
resembles the Aftonian gravel and suggests an older drift. 

The Coai Measures (Des Moines stage) are composed chiefly 
of shales with irregularly bedded sandstones, but in the north- 
ern part of the county their upper parts contain coal seams of 
great economic importance. The shales are of no value as water 
bearers and even the sandstones, which in places grade into lime- 
stones, are so variable, so inclosed in shale, and so permeated 
with iron sulphate as to be of little value. A few local lenses, 
however, yield very satisfactory water. 


The Saint Louis limestone consists of a compact, even-bedded 
limestone 20 feet in thickness overlying a coarse heavy-bedded 
sandstone. The latter, which is known as the ‘‘white water 
sand rock,’’ is seldom used in Monroe county, though it lies only 
250 to 350 feet below the surface. No wells in the county go be- 
low this. One prospect hole, sunk by the Consolidated Coal 
Company, is reported to have been driven down to 1,365 feet, 
but no data concerning it can be secured. 


DISTRIBUTION. 


Shallow dug and bored wells and drive points penetrating 
alluvial sands and gravels are common in the valley of Des 
Moines river and its tributary creeks. On the uplands the sands 
beneath the loess and the gravels beneath the drift furnish the 
chief supply. A few wells on the upland south and west of Eddy- 
ville penetrate the Coal Measures and procure water at depths 
ranging down to 220 feet. 
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At Lovilia, drift wells 20 to 50 feet in depth furnish an abund- 
ant supply of water, and water from some bored wells even 
flows away over the surface. The 50-foot wells draw their sup- 
ply from the sands and gravels immediately overlying the bed- 
rock sandstone. | 

Similar conditions prevail in the valleys of Coal and Cedar 
ereeks. On the upland divide, however, as at Weller, a good 
supply of water is difficult to get, except with a boring machine 
in low places or in wet seasons. It is probable that good stock 
wells may be had by drilling 300 or 400 feet as at the place of 
Mr. M. A. O’Bryan, four miles southeast of Weller, where 
slightly mineralized water is secured from Coal Measures with 
a head but 60 feet below the surface. 

Underlying most of Albia (T. 72 N., R. 17 W.) and vicinity, 
and immediately overlying the first vein of coal, is a bed of sand- 
stone 25 to 60 feet in thickness. This is best known in the min- 
ing shafts three or four miles west about Tower, where it is so 
abundantly supplied with water as to seriously interfere with 
the working of the mines and to compel the closing of some of 
the shafts. A second sandstone, coarse, gray in color, and 25 
to 75 feet thick, lies between the second and third veins of coal. 
The water-bearing capacity of these lenses is well illustrated in 
the abandoned shaft on the farm of D. A. Noble (NW. 14 sec. 
24, T. 72 N., R. 18 W.). The shaft, 113 feet deep and seven 
by twelve feet across, was filled by water to a depth of 52 feet 
in 24 hours on cessation of pumping. It is a matter of regret 
that this supply was not more carefully investigated by the 
town of Albia before it resorted to surface waters for its pub- 
lic supply. 

At about 300 feet the hard, buff limestone of the Saint Louis 
is reached, and this is immediately underlain by ‘‘white water 
sand rock’’ 20 to 30 feet in thickness. The latter is said to con- 
tain, as usual, a plentiful supply for ordinary wells though it 
would probably be insufficient for public supplies. One of the 
few wells reaching this horizon, that of H. K. Runkle, two 
miles north of Albia (NW. %4 sec. 10, T. 72 N., R. 17 W.), is 


situated on a hill and is 456 feet in depth. At 95 feet the water 
62 
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horizon at the base of the drift was reached; another vein in 
the base of the Coal Measures was tapped at 350 feet; and the 
‘‘white water sand rock’? was found at 440 feet. The water 
heads about 40 feet below the surface and is not materially low- 
ered by windmill pumping. It is reported to be a good stock 
water. : 

On the uplands back of Melrose, in the southwest, many farm 
stock wells are drilled to depths of 157 to 200 feet. In a 380- 
foot well on the farm of William Bernard the Saint Louis lime- 
stone was reached at a depth of 340 feet. 

At Hocking shallow bored wells a few feet in depth are used; 
some of them flow. Deeper drift wells on the upland secure 
water over shale at the base of the drift at depths of 65 to 105 
feet. Two miles southwest, on the farm of M. J. McLaughlin, 
a 250-foot well gives a good flow from Coal Measures sandstone 
at a depth of 180 feet. 

At Foster the drift wells range from 20 to 65 feet. On the 
upland to the northeast between Brompton and Avery many 
drift wells 30 to 100 feet in depth have been sunk, and though 
much sand is encountered they are frequently dry. Artificial 
ponds are generally used for stock water. 


SPRINGS. 


Springs are not uncommon in Monroe county and are gen- 
erally found along the lower slopes of the valleys of the larger 
ereeks, the water coming from the subloessial sands, the sands 
and gravel underlying the drift, or the outcropping edges of 
Cioal Measures sandstone. They are little used except for stock 
water, for which they are of value to the farmers, who frequent- 
ly wall them in and pipe the flow out to a small tank. 

The waters of many shallow bored wells on hill sides or slopes 
of bluffs are led out through pipe or tile a few feet below the 
surface into a tank placed on lower ground. This type of arti- 
ficial spring or modified flowing well provides good cool pas- 
ture water at slight expense. 
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CITY AND VILLAGE SUPPLIES. 

Albia.—The publié supply of Albia (population, 4,969) is 
taken from an artificial reservoir formed by the damming of a 
small stream. The ponded water is pumped into a supply tank 
and distributed by gravity pressure through about six miles 
of mains to 45 fire hydrants. A steamer is maintained to sup- 
ply added pressure as needed. The water is not extensively 
used for domestic purposes. 

Owing to the difficulty of procuring satisfactory ground wa- 
ter, cisterns supply many houses with rain water. Dug and 
bored wells, the only type used in the town, penetrate the drift 
18 to 20 feet on the east side and 20 to 40 feet on the west 
side of the city square. Bedrock of sandstone or shale is 
reached at 40 to 70 feet. 

A type section by Mock Brothers, well borers, is as follows: 


Section at Albia. 








| Thickness.|Depth. 








Feet Feet 
rane ra ven OXTOIZCU LOGSS) eee nee eee ene eee ee te 2 ee eee 16 16 
Joint clay, blue (unoxidized loess); including subloessial sands, water bearing 8 24 
Water clay, yellow (often. with sand layers) 2.2 =" ee a | 6 80 
25 55 


HERR LTE SG CA ATS E a IR a pe pe 





Buaton.—Buxton resorts chiefly to very poor cistern waters. 
Two wells in the drift 28 to 66 feet deep yield a scant supply. 
In the dry season of 1901 the people were supplied almost 
wholly with water brought from Des Moines river in tank cars. 
An eight-acre storm-water reservoir supplies a poor quality of 
water for the mining companies, machine shops, and heating 
plant. At No. 14 shaft, a few miles to the south, the air shaft, 
145 feet deep, and the main shaft, 138 feet.deep, have no water 
except a slight amount from drift near the surface. At Hite- 
man, shafts Nos. 3 and 4 are practically dry. 

Melrose.—The location of Melrose (population, 459), in the 
valley of Cedar creek insures a supply from shallow drift wells 
10: to 30 feet in depth. One of 65 feet does not reach bedrock. 
Springs are quite common, and a few of the wells overflow. 
The best of this type is perhaps a bored well owned by A. B. 
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Murray, which strikes a strong flow in gravel at a depth of 17 
feet and delivers a constant two-inch stream three feet above 
the surface. This is used by many of the families of the town 
for domestic supply. The Chicago, Burlington & Quincy Rail- 
road procures a supply from the creek. A system for fire pro- 
tection is proposed, and this can no doubt be procured at com- 
- paratively small cost from springs or shallow wells. 

No. 10 Junction—The track well of the Chicago & North 
Western Railway (NW. 14 sec. 8, T. 73 N., R. 17 W.) has a . 
depth of 1,345 feet and a diameter of 10 inches to 340 feet, 8 
inches to 586 feet, 6 inches to bottom; casing to 195 feet. The 
curb is 895 feet above sea level. The tested capacity is 80 gal- 
lons a minute. The well was completed in 1901 by S. Swanson 
of Minneapolis. 


Driller’s log of railway well at No. 10 Junction. 

















| mexnes. Depth. 
Feet Feet 
Se Sa Seater e des otks ae nna eene sane snare a aeaim anewaw name mane tone aeeee eT ee 127 127 
DBANGSLONG ol soe ater w eon eee we ecnee Docc cece eness weasel ead ee eee 7 134 
TAMMEStONO Heo eee cee eean cance ne eee ate ee = anata Coe ae ee ee oe 87 221 
DSNOSTONG one ooo ot ore ae ee a ee coe ena denne sae boon onucawense nee eee 11 232 
ST AMMOBT ONG ies ee ere en on ee eee ects ee iene ae eer ee 1 
SGC Vie tea eee oe ee See cea ce cc eae nen oa paca scenes nan onsen oe er ee ete laa 14 275 
Limestone ee ses cee cecncceacases paca eden oa en ot seneusanenenaceunateeacuEereseeretpaee 812 587 
Sha z Ss ere hes ertionae at nes eho wale onto Sian omen mines eiiwnts et one So ee 9 596 
TAMOSTONG asso See asec nacceicenacncetececnecmateenle es same ne eee eee 
RGM poet eee rane aed tremors ee seee anes seas saeco acon ane ieee ewe nee nn ee ae ee 147 748 
Wolmes tome esa ee eta en Sete oa eee tae eee tas osee eae eee Coe 
Re el See eat ee een ae Seen tome om cen sananeod mom ene bie dee a eee ee 52 878 
LIMOSt ONG Wee c aera nee ea a eees ae ee eee eae ee bow ona ae eae eee eee 93 
Ta Sp a eS > ee se Ne 1,011 
TAMESTONE  sesseccasewesan nee wesaee ace aw ene en cows eatin ence on eens een eee 15 1,026 
Payot sh ee ebe ly eid a ae RE en Seat eee ae EE ee 75 | 1,301 
SBT ASCONG Tose aa ct a ee ee ele te en a ee le eee eee 18 1,319 
BST B16 a a a se a a a ae rs ee oe er ee ann cen ee eee are eee 11 133 
Sandstone -.....------------------------------------------+------~------------------- 15 1,345 








The Saint Louis limestone and Osage.stage seem to extend 
to a depth of 587 feet (308 above sea level) and the Kinderhook 
stage thence to 748°féet (147 feet above sea level). The De- 
vonian and Silurian beneath can not be distinguished in the 
alternating shales and limestones of the log. The heavy shales 
from 1,026 to 1,301 feet may be the gypseous marls found in the 
Silurian of the region; and the sandstones at base, from which 
the water is probably derived, appear equivalent to the Silurian 
sandstones of southeastern Iowa. 
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WELL DATA, 
The following table gives data of typical wells in Monroe 























county: 
Typical wells of Monroe County. 
ad : ae 
Q o 
2 2 2a 
; ° i) 3 8 Remarks: 
Owner Location - “ 2 . z (Logs given in feet) 
e) 8) 82 33 
t= fH 
T. 72 N., R.17 W. 
(Troy). 
Feet| Feet Feet 
Dan O’Hare --...-.- SE.3 sec. 18......| 180 |.-..../Sandstone___.|_.....__/Strong. 
(Des Moines) 
H. K. Runkle --..../NW.% sec. 10...) 456 95 |Sandstone_._..; — 40 |Slightly mineral. Water 
(Saint Louis) bed at 440, 
eee DOLLS. .2| NWat SOCo 1600 1290 -.-----.|NO water. 
Ay a a eta Ww. 
(Jackson). 
Wm. Bernard ......|SW.% sec. 9...... $80 seo c oe Sandstone. |, 2. Abandoned on account 
(Saint Louis) “te lost drill, closing 
ole. 
T.72 N., R. 19 W. 
(Wayne). 
M. A. O’Bryan --..-|NW.3 sec. 2....-| 360 80 |Sandstone_...| — 60 |Slightly mineral. Drift, 
(Saint Louis) 80; Des Moines, 225; 
limestone (Saint 
Louis), 45; sandstone 
. (Saint Louis), 10. 
James Smith ----.-|NE.3 sec, 22....._| 230 | 125 |Sandstone_._-| + 5 |Flowing well. 
(Des Moines) 
James Foley -----—/SE.} sec. 9..--.. Ses ety LeU loera OO sr arece booted lle Do. 
Tia Ns, be. 17 W. 
(Bluff Creek). 
James Gray -------- NE.2 sec. 26......| 220 |......|Sandstone__..|.=...... Abandoned on account 
(Des Moines) of scant yield. 
Te gis) te. le. W. ' 
(Monroe). 
N. J. MeLaughim-_-|/SE.3 sec. 6_..... 250 | 180 |Sandstone__..| + 23/Fine flow, 1-inch stream. 
(Des Moines) 
T. 73. N., R. 16 W. 
(Pleasant). 
Grant Cowley ------ NE.% sec. Jl.-.| 192) 188 |Sandstone____| + 15 |Strong mineral flow. 
(Des Moines) 
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RINGGOLD COUNTY. 





BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


The streams of Ringgold county flow southward through deep ~ 
valleys that are separated by dissected ridges and plateaus 
whose general altitude is slightly more than 1,200 feet above 
sea level. The bedrock lies essentially below the valley levels 
and is mantled with a thick accumulation of glacial and associ- 
ated materials out of which the valleys have been carved. The 
glacial drift comprises very dark clay at the bottom (perhaps 
Nebraskan) and yellow gravelly clay at the top (Kansan) with 
layers of ‘‘hardpan”’ or beds of sand at intermediate positions 
(perhaps Aftonian). Widely spread over the yellow gravelly 
clay is a loesslike deposit, in few places 25 feet thick and averag- 
ing much less, which is yellow at the top but ashy blue and plas- 
tic at the bottom and which throughout is very nearly free of 
pebbles and grit. Upon the floors of the valleys a small amount ~ 
of alluvium has been deposited. The bedrock consists of Upper 
Carboniferous (Pennsylvanian) strata whose character ig in- 
dicated in the following section condensed from the driller’s 
log of a drill hole on the-farm of Al Dunsmoor, about two miles 
west of Tingley, on ground intermediate between the upland 
and valley levels: 


Section near Tingley. 








Thickness. Depth. 





Feet Feet 
Bowlder: cla yf cee koe cs ee ee 12 12 
ON 4 aS aoe oe ee a al ee ee eee 13 
Olay, blue <2 eee te 2 ee ee ee ee 20 45 
Sand (and gravel as Soo ee eee 2 47 
Drift) 2. ee te ene eee 13 
Sand * i. 2a eos oem ak ee eee ee 2 62 
Olay: . 2255 2s re ee ee ee eee 7 
Shale, ‘blue oat eons 5 a es ae er ee eee, 40 109 
Sand > i222 oe aS ee ee ee ee ee 45 154 
Shale, sandy. i202 coke an ee ee ee eee 36 190 
Sand’ .n2 3252 ee a a ae eee ee 195 





5 
Shale, blue  seSoc2h se ceca a es ee oa ee ee eh ae ee eee wee ee ee ee 30 
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Section near Tingley—Continued. 

















| Thickness | Depth 
Feet Feet 

PERC LCE NEON fon keg eg ee ee Oe 9 234 
Limestone (water bearing)______ Reape eye eA Lie ees st ell SE 9 243 
Shale: with 2-foot bed of limestone._........-...---.20---.-—-s---»--.---.----- 19 262 
Limestone; With :2-foot: (bed) of aliale=!ness= => eee ees eS =5s—- 20 282 
Shale; with 1- Lele BEAN OL Coal ee ee ee ee Fee 12 294 
Impure RITNIGRTO NG 2 2 Se ee eee Fee ee re ee ee ee EL a 22 316 
Shale; with meveral thin beds of limestone, sandstone, etc..-------.---__-------- 173 489 
Coa - co ae Seo ee Fe TR Se ee ES ee ee 4 4894 
nD Ct, - SO ee Brie Ae a ee ee ee ee 3 492% 
Shale Ghyack, blue, eray; green; Hand "red )is o. see eee en a 87 5794 
[OGYAL 5.552) RN ee a ata de a Se ee 580 
UTE (ba SO ee eee See e Th Bite) Sie eS EN ee Ee ie eee eee 584 
Shales with thin bed of limestone and sandstone... —._-.-__... 403 6244 








UNDERGROUND WATER. 


SOURCES. 


The underground sources of water in Ringgold county can be 
grouped as (1) alluvium; (2) weathered gravelly clay under- 
lying the ashy plastic clay; (3) sand beds in the deeper parts 
of the drift or at its base; (4) thin sandstone and limestone 
strata interbedded with Beneath shales; (5) basal sand- 
stone of the Pennsylvanian; and (6) lower sandstones and lime- 
stones. 


In the valleys the alluvium may furnish moderate amounts of 
fairly good water. Below the undissected upland the weathered 
gravelly clay contains a certain amount of good but moderately 
hard water which it contributes slowly to dug or bored wells, 
but on the ridges and valley sides this material may be dry. The 
sand beds that occur in places in the deeper parts of the drift 
generally yield ample and reliable supplies, but unfortunately 
these beds are not found in all localities. They seem to be best 
developed in the area west of West Fork of Grand river, where 
they are tapped by a number of successful wells. Their water is 
usually good, although rather hard, but some of it is mineralized 
in much the same way as the subjacent Carboniferous waters. 
Water-bearing seams of sandstone or limestone are almost in- 
variably found when the drill penetrates the Pennsylvanian 
strata to any considerable depth, but as a rule they are not an 
important source of supply, for they yield but little water, and 
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that is full of sulphates and other minerals. Here and there, how- 
ever, seams are encountered which provide rather large amounts 
of water of fairly good quality except that it is rich in sodium 
sulphate and therefore has at least a mild cathartic effect when 
used for drinking. Very few wells in this county have entered 
the Pennsylvanian strata. So far as known, the basal sandstene 
of the Pennsylvanian has newhere in the county been reached 
by ibe drill; something, however. can be inferred as to its oc- 
currence and character as a water-bearing formation from the 
deep well at Leon, 14 miles east of the Decatur county line, in 
which it was found between 635 and 793 feet, and from the deep 
well at Bedford (Taylor county), about an equal distance to the 
west, in which it was found below 1,150 feet. At Leon the yield 
is moderate, the head low, and the quality fairly good except 
for large amounts of sodium sulphate. 


CITY AND VILLAGE SUPPLIES. 


At present there is no system of public waterworks in the 
county, a deficiency due no doubt in part to the difficulties of 
procuring an adequate supply. In view of the’results obtained 
with deep wells in adjacent counties, drilling into the rock form- 
ations must be considered of doubtful expediency and should 
at best be viewed as a last resort, but every village can afford 
to prospect thoroughly the glacial drift and other unconsolidated 
deposits above the rock before being content with surface water 
or seepage from shallow wells. If, however, no satisfactory bed 
of sand or gravel is found in the drift, it may be possible to 
develop a sufficient supply by boring a large number of wells 
into the. surficial layer of drift. 


SUPPLIES FOR STOCK FARMS. 


On most farms plenty of water can be obtained for ordinary 
purposes, but on some, especially the larger stock farms, the 
lack of it has been severely felt and much unsuccessful boring 
and drilling has been done. On farms adjoining the principal 
valleys supplies can usually be obtained from streams or 
springs, or from shallow wells in the alluvium. In some upland 
sections satisfactory supplies are found in deeper parts of the 
drift, but in others seepage from the upper part of the drift 
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seems to be the only available source of water, and the amount 
of this seepage is in many places exceedingly small. In the 
past too much reliance has been placed upon a single shallow 
well or on isolated wells of this kind. A better method is to 
bore a series of shallow wells of large diameter close enough 
together to be connected with pipes at the bottom and thus drawn 
upon simultaneously by a single pump and windmill. (See p. 
947). 

On the farm of B. F. Talley (NW. 4 sec. 12, T. 69 N., R. 31 
W.), about two miles southwest of Diagonal, a well was bored 
to a depth of 147 feet, passing through 125 feet of drift and 10 
or 12 feet of loose yellow sand, and ending in black ‘‘sand’’ 
which contains pieces of wood, twigs, etc. The water, which is 
corrosive and apparently impregnated with a small amount of 
gas, rose within 57 feet of the surface. Other wells of this 
character were reported in the western part of the county. On 
the farm of G. W. Bentley, in the same section as the Talley 
well but on a creek bottom perhaps 65 feet lower, water flows 
from a hole 88 feet deep. Another flow was obtained on the 
farm of A. Harris, in the creek valley about two miles east of 
Benton. This well is only 30 feet deep, but is said to yield 
copiously. 


WELL DATA, 


A number of wells a few hundred feet deep, at least: some 
of which enter bedrock, have been reported. Analyses (p. 201) 
of the water from the wells of L. Myers and Robert Hall, both 
south of Kellerton, show a large content of mineral matter, es- 
pecially of sodium sulphate. Approximately at the west mar- 
gin of sec. 3, T. 68 N., R. 29 W., 214 miles east of Mount Ayr, 
in a valley just south of the railway, a hole was at one time 
sunk into the Pennsylvanian strata for the purpose of pros- 
pecting for coal, and a weak flow of water was obtained. 

At the village of Diagonal both railway companies maintain 
locomotive supplies. The Chicago Great Western well is in 
the valley about 1,088 feet above sea level. It is 12 feet in 
diameter and 36 feet deep and is walled with stone. Its water 
level and yield vary somewhat with the season. The records at 
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the pumping station show that it furnishes an average of about 
35,000 gallons a day, and that on certain days it is required to 
Fapieh as much as 60,000 gallons, which, however, approaches 
its maximum capacity, especially in dry seasons. 

In Mount Ayr a well was at one time sunk for the municipali- 
ty to a depth of about 300 feet, where a water-bearing bed of 
sand was discovered. Because of difficulty with the sand or 
for some other reason, this well was never finished. 


UNION COUNTY. 


BY HOWARD E. SIMPSON. 


TOPOGRAPHY. 


Union county lies on that branch of the great divide that sep- 
arates the southeasterly flowing waters of Grand river from 
those which flow southwesterly through the branches of Platte 
and Hast Nodaway rivers. The crest of the divide runs south- 
ward through Spaulding and Creston. At Creston the Chicago, 
Burlington & Quincy railroad attains an elevation of 1,312 feet, 
a rise of 261 feet from Afton Junction. By a peculiar adjust- 
ment of the drainage lines the entire run-off passes into the 
Missouri—that of the eastern slope through Grand river and 
that of the narrower western slope through Platte and Hast 
Nodaway rivers. 


The surface is a slightly rolling drift plain. Maturity is 
shown by the absence of ponds and undrained areas, by the 
completeness of the drainage, and by the presence of the num- 
berless small intermittent tributary streams. On the east, es- 
pecially about Afton Junction, the plain is more dissected and 
broken. 


GEOLOGY. 


The country rock beneath the surface of the county belongs 
to the Missouri stage of the Pennsylvanian series, and con- 
sists. chiefly of limestones, shales, and some beds of sandstone 
and seams of coal. Above these rocks, though separated from 
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them by an unconformity indicating the lapse of a very long 
period of time, lie the loose, unconsolidated deposits of clay, 
sand, gravel, and bowlders known as the drift. This averages 
from 100 to 250 feet in thickness and is chiefly of Kansan age. 
Beneath the Kansan till, and separated from it by a heavy bed 
of gravel known as the Aftonian, from its discovery in the rail- 
way cuts west of Afton Junction, is an earlier till known as 
the Nebraskan drift. That this older drift is present through- 
out. the greater portion of the county at least is shown by the 
presence within the drift of a very persistent gravel bed cor- 
responding to the Aftonian, by the presence of old forest or 
soil deposits, and by peculiarities of the basal till, showing dif- 
ferences in composition and age. 

- Above the drift everywhere except on the bottoms of the deep- 
er valleys lies the light yellow plastic clay, known as the loess. 
It is generally free from pebbles, but contains numerous white 
calcareous concretions. Widely associated with the lower layers 
of the loess is a sticky, black plastic clay called gumbo. 

In all stream valley bottoms a deposit of alluvium has been 
formed, chiefly from the wash of the loess, gumbo, and drift. 
The alluvium is thinner and of less importance in Union county 
than in other counties of southwestern Iowa that are farther 
from the divide. 


UNDERGROUND WATER. 


SOURCES. 


The chief shallow-water beds of the county are the alluvium, 
the loess, the Kansan till, the Aftonian gravel, the Nebraskan, 
and the limestone of the Missouri stage. All of these except 
the Aftonian grayel, which is one of the best aquifers in Iowa, 
are frequently unsatisfactory or insufficient. 

Sufficient quantities of sand interstratified with silt are found 
in the alluvium of some of the larger tributaries of the Grand, 
in the southeastern portion of the county, to allow the use of 
drive-point wells, which, however, are not common. 

The seepage at the base of the loess, especially where it 
overlies gumbo, supplies many shallow wells for domestic use, 
but the quantity is meager and uncertain. 
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The upper portion of the Kansan till usually contains much 
gravel and sand and these frequently supply sufficient water 
for many shallow wells, so that this horizon, together with the 
sandy base of the loess, is known as the ‘‘first water.’’ A few 
wells find sand pockets in the Kansan till; the water from these 
is excellent in quality but is very variable in quantity, frequent- 
ly failing altogether in dry seasons. 

The Aftonian gravel, lying between the two till sheets, forms - 
the best aquifer of this portion of the state, and its water is 
generally known on the uplands as the ‘‘second water.’’ It is 
usually pure, wholesome, and abundant. In the valleys, owing 
to the absence of loess, the Aftonian is in many places the first 
water bed reached. The depth to it ranges from 30 to 200 feet. 
Wherever the gravel outcrops it forms a horizon of strong 
springs. A good illustration is found on the farm of John Lein- 
inger, 2% miles north of Afton, where a powerful permanent 
spring flows from the base of a hill in which the gravel out- 
crops. In some places water from the Aftonian is rendered 
disagreeable and impotable by the presence of decaying or- 
ganic matter of old soil, peat, and forest beds. 

A ‘‘third-water’’ horizon is found in beds of sand and gravel 
in the base of the Nebraskan drift, immediately above the bed- 
rock. This usually lies at depths of 100 to 200 feet, but its oc- 
currence is uncertain; probably in many places the Aftonian 
gravel rests immediately on the bedrock. 

The country rock, composed as it is of thinly bedded lime- 
stones and calcareous shales, is not a good water carrier, its 
supply being small and its water hard and locally mineralized. 
The great thickness of the drift also makes it an expensive 
source of supply, and it is not resorted to when it is possible to 
obtain water from the upper beds. If the supply is insufficient 
after deep drilling, it is advisable, before abandoning the well, 
to try ‘‘shooting’’ with nitroglycerin and puncturing the cas- 
ings opposite higher beds, in order to combine the supplies. 

Because of the scarcity of good ground water at ordinary 
depths on the higher uplands of the county about Creston and 
Spaulding, many of the larger stock farms resort to ponded 
storm waters. 
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The following composite section, from descriptions given by 
well men, shows the relations of the several water beds: 


Composite well section about Creston. 
Thickness in feet. 
Pitt, DIRCK «cea wale wise ee eae ee EES e.0x sais cde tees 1- 3 
Loess; light yellow clay containing calcareous concretions 10- 20 
Kansan till: 
Yellow gravelly clay, containing numerous sand 
and gravel beds; water bearing (first water).... 2- 6 


Blue bowlder clay, compact and hard.............. 20-100 
Aftonian; sand and gravel, yellow and coarse; heavily 
water bearing (second water).......... aidee ses ty oe 
Nebraskan till: 
Yellow, hard and gravelly.........eeee. Henicavsiee st LOss 20 


Blue and black, pebbles, and bowlders .....eesceee 20- 40 
Sand and gravel, water bearing (third water).......... 2- 4 
‘Shaly limestone. 


The upper portion of the Aftonian in many wells shows soil, 
peat, or forest beds, and the upper portion of the shaly lime- 
stone at the base of the section is often broken into a coarse 
rubble, mingled with residual gravel and soil and character- 
istic geest. The thickness of the drift at Creston is reported to 
be 260 feet. 


SPRINGS. 


Strong springs are numerous along the valley sides in the 
broken portion of the county. The Aftonian gravel, lying as it 
does between the till sheets, supplies one of the best spring 
horizons in Iowa. Little use is made of these springs, however, 
except as stock water, and even then they are rarely walled up 
and piped, but are simply permitted to flow, forming more or 
less of a bog in many cases. 


CITY AND VILLAGE SUPPLIES. 


Afton.—The public supply of Afton (population, 1,014) con- 
sists of five wells on the town square, ranging from 25 to 40 
feet in depth. All are likely to fail in summer, except the 40- 
foot well, which usually contains 20 feet of water and is per- 
manent. 
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A well at the creamery, in the northwestern portion of the 
town, is 365 feet in depth and reaches bedrock at 173 feet. It 
obtained abundant water in a gravel and sand layer in the 
drift a few feet above bedrock. The water was too hard for 
boiler use. Later the well was abandoned on account of clogg- 
ing by mud and fine sand. The log follows. 


Log of creamery well at Afton. 








| Thickness.|Depth. 











; Feet Feet 
Clay... yellow, -and<soik <2 .94:2esnses ee ee Me ee eee eee 58 58 
Olays~ D106. 2. oe oe ee ee eee ee eee eee 115 173 


“Sandstone’”’ (probably cemented sand and gravel).._._.-..--_.--..._---..--.-_. 4 177 
Sand:.and gravel; . fine... = ee ee ee ee ee eee eee 1 178 
Mud: .blve and . black: 2 eee ee ee ae eee eee eee 3 181 
Shale and’ “soapstone’ss 2222 26 oon oe eee ees ee pecans eee nee nee 184 865 


Limestone, hard ~~~ ~------2203-seencnnw nabs eena seca ness cee ee re ees a ee ee 





An important deep well is that of C. C. Boys (SH. %4 see. 11, 
T. 72 N., R. 30 W.). This well is 671 feet deep and was origin- 
ally drilled as a coal prospect hole. No good section or log 
ean be obtained, but it is known that bedrock was reached at 
116 feet and the most important water bed found in a 10-foot 
bed of sand and gravel 46 feet above this, probably in the Af- 
tonian. This was cased out until the prospect hole was finished ; 
it was then opened up for a well, which has furnished a large 
and permanent supply. 

Creston.—The public supply of Creston (population, 6,924) 
is drawn from an artificial lake about two miles’ long, about 
one-half mile wide, and 30 feet deep. Similar though smaller 
ponds are used by many farmers about Creston to assure a 
stock supply in summer. 

Minor supplies—Most villages are supplied from shallow 
wells 15 to 20 feet deep. About Afton Junction, Talmage, and 
Thayer the Aftonian gravel lies within comparatively few feet 
of the surface. 
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WARREN COUNTY. 
BY JOHN L, TILTON. 


TOPOGRAPHY. 


The upland of Warren county is a well-dissected plain slop- 
ing from 1,088 feet above sea level in the southwestern portion 
to 900 feet in the northeastern portion. It is drained chiefly by 
three streams, North, Middle, and South rivers, that flow toward 
the northeast, with tributaries extending back to all portions 
of the upland. 

GEOLOGY. 


The Des Moines stage with its shale, sandstone, and coal un- 
derlying all sections of the county, extends from near the sur- 
face to a depth of 250 to 300 feet. (See Pl. XVI, p. 814.) Ina 
few square miles only in the western half of Virginia township 
the Missouri stage with its limestone and shale overlies the 
Des Moines. Between these Carboniferous strata and the over- 
lying Pleistocene lies a thin deposit of subglacial sand and old 
soil, remnants of the old surface prior to the advent of the Ne- 
braskan ice sheet. 

~The Nebraskan drift is a tough, impervious, bluish black till 
containing pebbles of greenstone, white quartzite, and light 
colored granite. It is especially thick in the southern and west- 
ern portions of the county, where the Kansan drift is thin. The 
sands and gravels (Aftonian) which overlie the Nebraskan drift, 
were largely derived from the erosion of this older till. 

The Kansan drift is bluish black where not weathered and 
yellowish where weathered, containing here and there fine sand 
and minute pebbles. Among its numerous pebbles and bowl- 
ders red quartzite and greenstone are common, together with 
dark decomposing granite. In some portions of the county the 
Kansan drift is but a few feet thick; in other places it measur os 
at least 80 feet. . 
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The post-Kansan deposits consist in part of a yellowish and 
a grayish loess, between which in some places lies a clayey de- 
posit (gumbo), which appears to be a loess modified by deposi- 
tion in water. 

The different depths of drift make it evident that from the 
southern and eastern parts of Jackson township a large buried 
valley extends southeastward across Squaw township and north- 
eastward across Jefferson township, with branches extending 
eastward to near Indianola and northeastward to the south- 
west corner of Greenfield township. Another buried valley un- 
derlies the central part of Linn township, whence it extends east 
into Greenfield township and also southwest and northwest. The 
area covered with thick drift suggests an outlet to the north- 
west, but deeper preglacial valleys suggest an outlet to the 
northeast through Greenfield township. 


UNDERGROUND WATER. 


SOURCES. 


In former years wells on the uplands very commonly ended 
in a gumbo, or modified loess, which is found almost universal- 
ly throughout the upland in the central portions of the county, 
15 to 20 feet below the surface. During the drouth of 1894, 
however, these wells were sunk beneath this deposit or its 
yellow equivalent to a sand which is generally found next be- 
neath. Wells that are not over 30 feet deep are so constructed 
that they receive both the surface ground water and water 
from the sand below. 

At a depth of about 30 feet throughout the Solan and of 
somewhat less in the bottom lands lie deposits of sand and 
gravel which are the common source of water supply through- 
out the county. In the central part of the county this deposit 
is in part post-Kansan and in part gravel (with bowlders) left 
after erosion of the Kansan surface. In other portions of the 
county, especially the southern and western parts, where the 
Kansan and all above it are thin, the sand is Aftonian. Along 
the river valleys the thick deposit of sand penetrated by wells 
12 to 18 feet deep is Aftonian. 
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In the southern and western parts of the county wells 100 
feet deep pass through the Nebraskan drift into preglacial 
sands and soils. In general these preglacial deposits lie at 
depths varying from the level of the streams to 60 feet below 
this level. In the upland, bored wells are ordinarily used, in 
the river valleys driven wells are very satisfactory. 

The Simpson college well, which is 112 feet deep, ends in the 
bottom of deposits of old soil 25 feet deep. In testing this well 
it was first pumped for 49 hours at the rate of 349 gallons an 
hour, the pumping lowering the water 81 feet. This continued 
pumping merely drained away the surface water, for the water 
rose thereafter within 30 feet of the surface. In the final test, 
after 17 hours of continuous pumping with a four-inch pump 
worked by a 2144 horsepower gasoline engine, the water was 
reduced ‘to a level 99 feet below the surface, the water toward 
the last lowering very slowly. Three days later it had risen 
within 34 feet of the surface of the ground.: The greatest quaz- 
tity of the water came through the gravel at the base of the Af- 
tonian. The rest came in slowly from above. 


In the eastern half of the county the Carboniferous strata 
lie so near the surface that they are penetrated by many wells. 
Some of these extend into the Carboniferous for only a foot 
or two, just far enough to form a basin to hold water that comes 
in from the upper aquifers. In some the water enters from the 
shale. The wells that penet>ate the shale more than a foot or 
two are dug by hand or drilled, the shale being so dense that it 
is bored by a well auger only with extreme difficulty. The 
general dryness of the shale makes such a formation one into 
which it is not advisable to penetrate; the sandy phases are 
bearers of good water, but the quantity is generally too small 
to supply a good stock well. Sulphur water characteristic of 
all wells that penetrate the Coal Measures corrodes metal re- 
ceptacles and is unacceptable for kitchen and laundry use, and 
therefore presents a serious difficulty in all deep wells. Such 
water is not generally harmful, though it is laxative. To some 
people the taste is unpleasant. 


63 
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Several wells that are 100 to 200 feet deep extend into the 
Coal Measures. Only two are flowing wells, both of them on low 
ground in the northeastern part of the county near the small anti- 
cline which runs northwest and southeast just east of Ford. 
Throughout most of the county the strata dip very slightly to the 
west or are horizontal, and the surface is so high that deep 
flowing wells are not obtainable. 


Only two wells in the county reach below the Pennsylvanian; 
one is said to penetrate two feet and the other 38 feet into the 


Saint Louis. 


In all near-by counties deep wells have been sunk, 


but with results too unsatisfactory to be encouraging. 


Typical well records in Warren County* 








Depth in feet. 





Locality. (Remarks.) Log in Feet. 
Toit N-,; R26 Wiel 
(Linn). 
SE.4 SE. sec. 7---. 116 Soil, 2; loess and clay, yellow, pebbles (post-Kansan 
On upland. and Kansan), 73; clay, blue, (Nebraskan), 16; shale 
yellow, with white sand (Des Moines), 20-25. 
SE. % SE. 3 sec. 15 40 Soil, 4; loess and clay, yellow, pebbles below (post- 
On upland. Kansan), 16; clay, blue, pebbles (Kansan), 15; weath- 
| ered stone, sand, gravel, 1; shale, clayey (Des 
Moines), 4. 
SE.. 4 SE. 4 sec. 27 51 Soil, 2; clay, yellow (post-Kansan and Kansan), 20; 
90 feet below up- sand (Aftonian), 29. 
land. 
NE. 4 SW. 3 sec. 28 170 Soil, 3; loess and clay, yellow, pebbles in lower part 
90 feet below up- (post- -Kansan and Kansan), 27; clay, blue, pebbles 
land. (Nebraskan), 20; sand and clay (subglacial), 15; coal, 
83; shale with 3 thin layers of coal, 101}. 
NW. 4 SW. 3 sec. 30 116 Soil, 2; loess and clay, yellow (post-Kansan and Kan- 
On upland. san), 48; clay, blue (Nebraskan), 50; sand, dark gray 
(subglacial), 16; solid rock (Des Moines). 
NW. 4 NW. 3 sec. 32 50 Soil, yellow clay, blue clay (post-Kansan and Kansan), 


Tat Ny BR. 24° We 
(Part of Greenfield). 


SW. i NE. 4 sec. 1. 


SW. 4 SW. 3 sec. 5 
SW. 3 SE. 3 sec. 13 


NW. % NW. & sec. 22 


10 feet below 
land. 





185 feet below up- 
land. 


268 


c- 


36 
On upland. 


71 
On upland. 
90 


} feet above flood 


plain. 


*Interpretations by the writer. 


1p- 





40; gravel (Aftonian), 10. 
low bed of North river. 


Ends in gravel 10 feet be- 


Soil, 24; loess and clay, yellow (post-Kansan and Kan- 
san), 10; clay, blue, gravel and bowlders (Kansan and 
Nebraskan), 48; shale, clayey, sandy (Des Moines), 
178. 


Soil, 2; loess and clay, yellow (post-Kansan and Kan- 
san), 6-7; STs) blue, pebbles (Kansan), 26; sandstone 
(Des Moines), 1 ‘ 

Soil, 1; clay, reddish, a little gravel (post-Kansan and 
Kansan), 30-40; clay, blue, pebbles (Kansan), 15-20; 
black dirt with old logs (Aftonian), 2; sand, fine, 
white, 8. 

Soil washed in, and loess, 40; clay, yellow, gravel and 
calcareous concretions (Kansan), 4-5; clay, blue, stiff, 
pebbles, 13; gravel, fragments of limestone (Aftonian), 
1-13; clay, black, sand layer at 75 feet (Nebraskan and 
dean 42. Bottom 65 feet below bed of North 
river. 


“a 
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Typical well records 








Depth in feet. 





| 


in Warren County.—Continued* 








Log in Feet.- 





Locality. (Remarks.) 
Te th Na, ws 23 W. 
(Allen;parts of Lin- 
coln, Palmyra and 
Richland.) 
NW. 34 NE. 3 sec. 6 68 
On upland. 
SE. 4 SE. 3 sec. 9.. 220 
85 feet below up- 
land. 
NW. 4 NW. 3 sec. 16 
On upland. 


NW. x SW. 3 sec. 23 851 
15 feet below 





land. 
RTE Nes ties 22 W. 
(Parts of Richland 
and Palmyra). 
SE. 3 SE. 3 sec. 13 28 
On upland. 
NE. 3 NE. 3 sec. 29 42 
On upland. 
Y. 76 N., R. 25 W. 
(Jefferson). 
NE. 3 NE. 3 sec. 1--. 120 
5 feet below 
land. 
SW. NE. sec. 5 119 
: ; On upland. 


SW. NE. sec. 16 100 
: 10 feet below 


land. 
NW. i SW. 3 sec. 34 106 
(a) 40 feet below 
land. 
T. 76 N., R. 24 W. 
(Parts of Lincoln 
and Greenfield). 
Ww. 4 NE. 3 sec. 5_- nl 
: : : On upland. 
E. 4 NW. 3 sec. 5-. 105 
; . : 5 feet below 
land. 
NE. SW. 4 sec. 10 30 
( ny On upland. 
F E. sec. 18 113 
a i 10 feet below 
land. 





*Interpretations by the writer. 


up- 


up- 


up- 


up- 





a Reported by J. O. Nash, driller. 


» Personal inspection. 


Dug 40 years ago, 30; clay, dark blue, small pieces 
coal (Kansan), 30; gravel underlain by white sand 
(Aftonian), 8; quicksand. 

Soil, 13; loess and clay, yellow (post-Kansan and Kan- 
san), 30; shale to 175 feet, then sandstone (Des 
Moines), 1883. 

Soil, 3; loess and clay, yellow (post-Kansan and Kan- 
san), 3; quicksand, whitish (Aftonian), 10-12; clay, 
biue (Nebraskan); shale, sandstone, etc. (‘‘mineral’’ 
water), (Des Moines). / 

Soil, 4; loess and clay, yellow (post-Kansan and Kan- 
san), 15; clay, blue (Kansan), 11; sand and gravel 
(Aftonian), 8; shale, clayey, sandstone, etc. (soft 
water) (Des Moines), 313. 


Soil, 1; loess and clay, yellow (Kansan), 1-2; sand, red, 
no pebbles (Aftonian), 4; clay, blue, no pebbles (Ne- 
braskan), 8; sand (subglacial), 2; shale, clayey, blue 
(Des Moines), 11. 

Soil, 2; loess and clay, yellow, no pebbles (post-Kansan 
pe wk eee 28; sand (Aftonian); shale, clayey, blue; 
coal, . 


Soil, 23; loess and clay, yellow, 6 in. sand at 14 feet 
(post-Kansan, Kansan and Aftonian), 174; clay, blue, 
roots and fragments of wood at 100 feet (Nebraskan), 
96; sandy material (subglacial), 4; (Des Moines). 

Soil, 2; loess and clay, yellow and brown (post-Kansan 
and Kansan), 25; gravel and sand (Aftonian), 4; clay, 
blue, pebbles (Nebraskan), 75; sand and clay, brown, 
hard (subglacial), 13. 

Soil, 3-4; loess and clay, yellow, no pebbles, (post-Kan- 
san and Kansan), 16-17; clay, blue (Kansan and Ne- 
braskan), 72; sand, white (subglacial), 6-8. 

Soil, loess and yellow clay (post-Kansan and Kansan), 
85; clay, blue (Nebraskan), 60; sand, gray (subglacial), 
5, like old soil, 6. 


Soil, 2; loess and clay, yellow (post-Kansan and Kan- 
san), 40; clay, blue (Nebraskan), 64; sand and gravel, 
wood (subglacial), 5. 

Soil, 33; loess and clay, yellow (post-Kansan and Kan- 
san), 264; sand with wood (Aftonian), 10; clay, blue, 
some wood (Nebraskan), 50; gravel and sand, fine, 
gray (water) (subglacial), 15. 

Soil, 1; loess and clay, yellow, no pebbles (post-Kan- 
san), 16; clay, yellow, pebbles (Kansan), 5; shale 
clayey, blue (Des Moines), 8. 

Soil, 2-3; loess and clay, yellow (post-Kansan and Kan- 
san) 15; clay, blue, pebbles (Nebraskan), 85; sand 
and mud (subglacial), 10; Des Moines shale. 





% 











Log in Feet. 





Soil, black, 2; loess, yellow, blue below, then a blue, 
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Typical well records in Warren County.—Continued* 
Depth in feet. 
Locality. (Remarks.) 
SW. 3 SE. 3 sec. 24 112 
Simpson College 


TT. JiG0N paut.weo. Ws 
(Parts of Lincoln 
and Palmyra). 

NW. 3 NE. 3 sec. 1 

SW. + NW. i sec. 9 
(a) 

NW. 3 SE. 3 sec. 17 


NW. 4 SW. 3 sec. 21 
NW. 3 SE. 4 sec. 29 


NW. 3 NE. 3 sec. 32 
(a) 


T. 76 N., R. 22 W. 


(Union, parts of 
Palmyra and Lin- 
coln). 

Sec, 5. C0) 22 


SW. 4 NW. i sec. 16 


SW. 3 SW. i sec. 28 
T. 75 N.,.R. 23 W. 


(Jackson). 


SE. 3 SE. 3 sec. 3.. 


NW. % NW. 3 sec. 4 





well. On upland. 


35% 
On upland. 


52 
On upland. 


120 
On upland. 


143 
10 feet below up- 
land. 


41 
On upland. 


100 
20 feet below up- 
land. 


3674 
Low ground. 


65 
On upland. 


39 
On upland. 


117 
On upland. 


346 
On upland. 


*Interpretations by the writer. 


a Reported by J. O. Nash, driller. 
6 Reported by A. G. West, Runnells, Iowa. 





modified loess (gumbo), then grayish blue sandy loess; 
no effervescence, 28; sand, yellowish and gray (sub- 
loessial), 2; clay, with pebbles, bowlders, and lime 
concretions, yellowish brown 1 foot, then grayish blue 
17 feet, then bluish black 36 feet (Kansan), 54; de- 
posit, black, soil planes and minute partings of veget- 
ation, no wood, few pebbles (Aftonian), 25; pebbles 
from Nebraskan, 1; Des Moines. 


Soil and subsoil, 6; loess, yellow above, blue below 
(post-Kansan), 20; sandstone (Des Moines), 3; shale, 
clayey, blue, 6; sand and black clayey shale, 3. 

Soil, 2; loess, yellow, (post-Kansan), 36; clay, yellowish, 
pebbly, (Kansan), 10: sand (Aftonian and subglacial), 
sandstone below (Des Moines), 4. 

Soil, 2-3; loess, yellow, 26; sand (post-Kansan), 1; clay, 
blue, lighter below, pebbles and wood (Kansan), 88; 
shale, gray (Des Moines), 2. 

Soil, 24; loess and clay, yellow, some pebbles (post-Kan- 
san and Kansan), 4-5; clay, blue, with pebbles, 4; 
shale, blue and black, 4 inches coal, fire clay, shale, 
sandy (Des Moines), 4. 

Soil, 3; loess, yellow (post-Kansan), 4; changes into 
sand, somewhat clayey, some pebbles and loose rock, 
24; shale, part clayey, part sandy (Des Moines), 10; 
sandstone, 

Soil, 2; loess, yellow (upper loess), 14-16; loess, gray 
(lower loess) (post-Kansan), 14; clay, reddish yellow, 
pebbly (Kansan), 6-8; clay, blue (Kansan and 
Nebraskan), 56; sand, gray, beneath clayey old soil 
(subglacial), 4. 


Soil, 4; clay, yellow (post-Kansan and Nebraskan), 
20; shale and sandstone, 4 seams of coal (Des 
Moines) 3053; limestone (Saint Louis), 38. 

Soil, 4; loess and clay, yellow (post-Kansan), 4-5; 
clay, red and blue, streaked with sand (Kansan), 15; 
sand (Aftonian), 14; clay, blue streaks, pebbles, 
(Nebraskan), 2; clay, blue, pebbles (Nebraskan), 12- 
15; coal, fire clay, shale, blue, clayey, 234. 

Soil, 2-3; loess and clay, yellow, no pebbles in upper 
part (post-Kansan and Kansan), 19; clay, light 
brown, stratum of gravel, water (Aftonian), 5; 
clay, light brown (Nebraskan), 12; coal. 


Soil, 3; loess and clay, yellow, mottled with blue (post- 
Kansan and Kansan), 15; sand (Aftonian), 14; clay, 
yellow above, changing to blue and black at 
depth oc, 45 feet (Nebraskan), 37; clay, b:uish black, 
61; subglacial blue sand. Soft water rises 22 feet. 

Soil, 143; loess and clay, yellow (post-Kansan and 
Kansan), 214; coarse sand and gravel (Aftonian), 
5; clay, blue, sand, pebbles and bowlders (Nebras- 
kan), 52; Oarboniferous, mostly shale, 3 feet coal 
at 255 feet depth, 266. 
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Typical well records in Warren County.—Continued* 














Locality. 





Depth in feet. 
(Remarks.) 


Log in Feet. 





NE. 34 NE. 3 sec. 23 


T. 75 N., R. 24 W. 
(White Oak). 
NW. 3 NE. i sec. 18 


NW. 3 SE. 3 sec. 20 


SW. 3 SW. 3 sec. 32 


NW. 3 SE. 3 sec. 36 


Taio N., Bb. 23 W. 
(Otter) .’ 

NW. 3 NE. i sec. 2_. 

NE.4 NW.3% sec.8.(@) 

NW. 3 SW. i sec. 36 

TT. jo.N., BR. 22 W. 
(Belmont). 

SE. 34 SE. 3 sec. 13 

Ne, % SE. & sec. 26 


T. 74 N., R. 25 W. 
(Virginia). 


NW. 3 NW. i sec. 1 


NE. 3 NE. i sec. 2 


SE. 4 SE. 3 sec. 4 


NW. 4 NW. 3 sec. 31 


130 
On upland. 


1388 
On upland. 


150 
On upland. 


60 
On upland. 


20 
On upland. 


25 
On upland. 


214 
10 feet below up- 
land. 
210 
Prospect hole on 
upland. 


15 
30 feet below up- 


land. 
33-35( 6) 
On upland. 


140 
110 feet below up- 
land. 


150 
115 feet below up- 
land. 


68 
On upland. 


255 





On upland. 


*Interpretations by the writer. 

@ 4-inch well, all cased. Water rose 100 feet, but was pumped out by a machine in an hour. 
Water roily, not used. Driller, D. A. Jemison, Ackworth, Iowa. 

bA well close by reaches Carboniferous at about this depth. 


Soil, 2; loess and clay, yellow, mottled blue below 
(post-Kansan and Kansan), 22; sand, little water 
(Aftonian), 2-3; clay, dark blue, hard, fragments of 
wood like black walnut at 80 feet depth (Nebras- 
kan), 100; coarse sand (subglacial), 3-4 (water not 
very hard, rose 20 feet). 


Soil, 1; loess and clay,’ yellow, no pebbles (post-Kan- 
san and Kansan), 34; clay, blue, pebbles; wood and 
shell 90 feet from surface (Nebraskan), 103. 

Soil, 13; loess and clay, yellow, pebbles and streaks 
of sand (post-Kansan and Kansan), 484; clay, blue 
(Nebraskan), 100; sand, fine, blue (subglacial). 

Soil, 1-14; loess and clay, yellow, no sand or gravel 
to depth of 23 feet (post-Kansan and Kansan), 334; 
sand and gravel (Aftonian), 1-2; clay, yellow (Ne- 
braskan), 4; clay, blue, no pebbles, 20. 

Soil, 1; loess and clay, pebbles below (post-Kansan 
and Kansan), 8-10; shale, clayey, blue, sandy part- 
ings (Des Moines), 9. 


Soil, 1; loess, yellow, no pebbles (post-Kansan), 2-3; 
shale, brownish and blue, 1 foot coal at 21 feet, 
sandstone (Des Moines), 21. 

Soil, 2; clay, yellow, pebbles (Kansan), 23; shale, 
AE blue above, various Des Moines strata below, 

Soil, 2; loess and clay, yellow, some pebbles below 15 
feet (post-Kansan and Kansan), 32; Des Moines 
strata, 176. 


Soil, 5; shale, clayey, blue (Des Moines), 10; coal. . 


Soil, 2; loess and clay, yellow, pebbles below 18-20 
feet (post-Kansan and Kansan), 24; sand, yellow, 
gravel (Aftonian), 1; clay, blue, pebbles (Nebras- 
kan), 6-8. 


Soil, 3; clay, yellow, pebbles, lime concretions (post- 
Kansan and Nebraskan), 22-27; clay, blue, bowlders 
and some sand, 110-115. Ends in blue sand (sub- 
glacial) 55 feet below river; abundant soft water. 

Soil, 3; loess, yellow (post-Kansan), 6° sand (Afton- 
ian), 4; clay, yellow, pebbles, (Nebraskan), 22; dark 
blue, gritty in places (Nebraskan), 100-125; shale, blue 
70 feet below river (Des Moines). 

Soil, 24-3; loess and clay, yellow (post-Kansan and 
Kansan), 15; gravel (Aftonian), 2; sand, hard, white, 
2; clay, yellow, streak of blue (Nebraskan), 6; clay, 
blue, a few pebbles 1 inch in diameter, 40; shale (Des 
Moines). 

Soil, 23; loess and clay, yellow (post-Kansan and Kan- 
san), 274; sand and gravel, cemented (Aftonian), 4; 
Clay, yellow (Nebraskan), 38; clay,dark blue, some 
grit, 175; coal-like material, rotten, soft mud, wa- 
ter (subglacial), 14-2; shale, clayey, red (sulphurous 
water, pumped out in 4 hour) (Des Moines), 8-10. 
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Typical well records in Warren County.—Concluded* 











Locality. 


Depth in feet. 


Log in Feet. 








T-74.N., Re. 240w. 
(Squaw). 


NE. 3 NE. 3 see, 12_. 
SE. 34 NE. i sec. 17 


NW. i NW. 3 sec. 30 


TA Neg bees reo aNN es 
(Liberty). 

SW. 4 NW. i sec. 4 

SW. 4 NW. 3 sec. 18 


NW. 4 NW. 3 sec. 36 


T. 74 N., R. 22 W.| 


(Whitebreast). 
SE. 3 SE. 3 sec. 3_. 


SE. 4 SE. 4 sec. 19 


Sw. 3 NW. i sec. 36 


20 
ar re below up- 


100 feet below up- 


40 feet below up- 
land 








Soil, 2; loess and clay, yellow, sandy (post-Kansan 
and Kansan), 21; sandstone (Des Moines), 9. 

Soil, 4; loess and clay, yellow (post-Kansan and Kan- 
san), 19; sand, old timber and black sand at bot- 
tom (Aftonian), 48. 

Soil, 24; loess and clay, yellow; pebbles below 8-10 
feet (post-Kansan), 154; sand, a little water, 1; clay, 
gray, changing to blue below (Kansan), 11; clay, 
blue, pebbles, 12; clay, black, soft like old° soil, 
sticks size of fingers (Aftonian), 4; clay, bluish 
black, stiff, a few pebbles, washed from Nebraskan 
(Aftonian), 26; sand and gravel (Aftonian), 13; 
shale, clayey, blue (Des Moines), 1. 


Soil, 1; sandstone, (Des Moines) 19, 


Soil, 2; clay, with gravel, lime concretion, traces of 
coal (post-Kansan and Kansan), 10-12; shale, clayey, 
blue (Des Moines), 22; limestone, 24; coal, 2. 

Soil, 23; loess and clay, yellow (post Kansan and Kan- 
san), 224; sand and gravel (Aftonian), 5; clay, blue, 
pebbles, bowlder 18 inches in diameter (Nebraskan), 
80, water hard, but good. 


Soil, 2; clay, yellow (Kansan), 18; sand (Aftonian), 
16; gravel and sand (Aftonian), 4; sandstone. 


Soil, 45; clay, yellow (post-Kansan and Kansan), 6-7; 
sand (Aftonian), 2; clay, blue and gray, pebbles (Ne- 
braskan), 10; sand (preglacial), 38. 

Soil, 2-3; loess and clay, yellow (post-Kansan and Kan- 
san), 19; sand, yellow (Aftonian), 3; shale, sandy, 
blue (Des Moines), 8. 





*Interpretations by the writer. 
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WAYNE COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


The surface of Wayne county consists of a plain which has 
been carved by postglacial erosion into an intricate system of 
sharp valleys and ravines. Along the principal divides still 
exist broad strips of the undissected plain over which the rail- 
ways have been constructed and upon which, as a consequence, 
the villages have been built. 


The bedrock belongs to the Pennsylvanian series of the Car- 
boniferous and consists of shale and thin strata of sandstone 
and limestone. Upon the rock rests a thick accumulation of 
glacial materials, at least the upper part of which belongs to 
the Kansan drift sheet. Widely spread over the drift is a ve- 
neer of loess or grayish blue clay resembling loess, 


Below are given several sections, as reported, of the drift 
and upper part of the Pennsylvanian. 


Sections at Oorydon. 


[Sec. 19, T. 69 N., R. 21 W.] 








| Thickness. Jpentn H 





Shaft No. 1.. 





CORT? 28 et Sd ee ee A tS sau sagt 
PECL Re ee eS a i a ee ete wee ea tee 14 327 
pon POS ar) oS NAAR RSS SR eS oe So ek eer E 6 300 
SSG Cte ae ee 5s ee eee Se 12 312 
LUNES SL: li eS RE SRE sk ee hate e ae Be ee ee ee ee eee 6 318 
Shaft No. 2. 
vet teat BECONGATY) GLitt y an- ceed coe enn te ae ag ee ee eee 301 301 
Shale, argillaceous -------------------------------------------------------~_--+----- 12 313 
Sandstone —.----.----------=----------------------—-.=------------- ele 5 5.5.28 5 8 SOE 14 827 
Shale, sandy ------------------------------------------------------------------------ 15 342 
Shale, argillaceous ---------------------------------------------—------------------ 30 372 
Timestone with Clay partings —o oo ee cnn ee nn ine 20 392 
MCirnghed limestone with rotten coal’ — 22 ee cee 12 404 
Shaft No. 3. 
“Drift” _-----------------------2 +2 2g sn nn nn nnn nn nnn nnn nn nn n= S 297 297 
“Irregular layer of rotten sandstone” ------_---------------~--------------------- 1 298 
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Section at Humeston 


{Humphrey Creamery well.] 








miekness.|Depth. 








Feet Feet 
50 50 


Soll and (Clay csnoec 0 oa nn ca wa deen ce ca cnc en nena ans ceen sa bee gee ae eee 


oO aa IRS Re no 830 880 
Quicksand ts eo cases ance cee c nana ce en eee awas ne mena aaontnndne oaeeen aap eee eee 400 
Seam containing coal. 

Shale and soapstone |... <<< nn ec cc anne neem naas ane sennesenenssasesenaanenne 100 500 


Rock entered. 





UNDERGROUND WATER. 
SOURCES. 


In Wayne county the water is generally obtained from wells 
dug or bored from 25 to 50 feet into the drift. In years of 
normal rainfall, most of these wells receive enough seepage for 
household use and stock farms, but in dry years many of them 
fail. Ponds made by throwing dams across small ravines serve 
as an additional supply for live stock on many farms. 


The loosely aggregated and somewhat gravelly drift that fur- 
nishes the seepage for the shallow open wells gives place down- 
ward to a more compact and impervious bowlder clay, below 
which there is a possibility of obtaining water from (1) beds 
of sand or gravel at the base of the drift or between two 
sheets of bowlder clay; (2) strata of sandstone or limestone 
in the Pennsylvanian series; and (3) different sandstones and 
limestones at still greater depths. Such prospecting of the 
deeper parts of the drift as has been done at different times 
has not been very successful. This is attributed by drillers to 
the absence of sand or gravel deposits, but it may be due more 
largely than is realized to the leakage caused by the many deep 
valleys, whereby porous beds are drained or their heads so 
much reduced that the water will not flow rapidly into the drill 
holes. Neither is the Pennsylvanian satisfactory as a source 
of water. In its several hundred’ feet of thickness, certain 
water-bearing strata are nearly always encountered, but these 
are usually so thin and imperfectly porous and so completely 
ineased by thick impervious beds of shale that their supply is 
small. Moreover, the water from these strata is objectionably 
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rich in sulphates and frequently also in hardening constituents 
and iron. 

At the creamery of J. L. Humphrey, Jr., at Humeston, a 
four-inch well was drilled to a depth of 384 feet, and was 
finished with a six-foot strainer in a bed of sand. It ap- 
pears that the sand eventually entered the well and shut off 
the water. A second well, five inches in diameter at the top 
and four inches at the bottom, was later drilled to the depth 
of 501 feet, but it seems that no additional supply was found 
and the same bed of sand was utilized. The water is reported 
to be hard and ferruginous and to have a laxative effect, which 
is no doubt due to a large content of sulphates. The section 
as reported suggests that the sand bed lies at the base of the 
drift, but the data are too indefinite to allow any positive 
statement. The water appears to have the chemical character 
of that found in the Pennsylvanian strata. 

One of the deepest wells reported in the county is one drilled 
at Corydon, in 1903, for E. A. Rea. It goes to a depth of 834 
feet, ends in rock, and is said to have passed through water- 
bearing beds at about 75 feet, 300 feet, and 440 feet below the 
surface and also near the bottom. It is cased with 614-inch 
and 5-inch pipe to a depth of 610 feet, and has 20 feet of 
41/,-inch casing at about 700 feet and 50 feet of 3-inch casing 
at the bottom. With a pump drawing from a depth of 692 
feet (578 feet below the water level) the well was successfully 
tested, immediately after it was completed, at the rate of 20 
gallons a minute for 714 hours continuously. At the time it 
was visited, however, it was for some reason not in condition 
to yield water. 

Tn 1911 the town put down a drill hole to 1,240 feet, at which 
depth the well was stopped, as its capacity amounted to but 20 
gallons a minute. The elevation of the curb is about 1,110 feet. 
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The log of the hole, so far as kept, is as follows: 
Driller’s log of well at Corydon. 








| 
Thickness. Depth. 








Feet Feet 
Unknown vse. bee a es SEES eee ee 610 0 
Shale, sandy oe o5 sce kk sie 53 663 
Sandstone; some water so. uel Boe ee er ee eee 68 731 
Bilin’ (2c ae EN kei ee 11 742 
Sandstoneries arse to 5 eee 6 748 
TAlmMestOne Me te ee Lt ON eee 35 783 
Soapstone ts he SE ee eee ee eee eee 22 805 
Limestone “welt. Be ee ee ee ee ee 2 807 
Soapstone” 2... ----.2 ue ee ee ee eee 3 810 
Tmestone 8. 22. 2 2 et Le ee A CR ee ee ee 278 1,088 
Soapstone’ —=-.-2.. ee ee eee 57 1,145 
Limestone (223 aS ee ee eee 15 1,160 
Shale, bine 2.2.52. ee ea ee eee 15 1,175 
DAMestone (sien 4 ERE eee ee ee eee eee 65 1,240 





The following samples of the drillings were submitted: 


Record of strata in well at Corydon. 








| Thickness. ‘Depth. 









Feet Feet 

Sandstone, fine, grains imperfectly rounded; and limestone, light gray, 

rapid effervescence ....2. 26) ee ee ee nee 6 748 
Chert, white; and limestone, blue-gray..— —--~_.- 02262000555. eee 770 
Limestone, drab, fine granular; moderately rapid effervescence__--.-._--_------- 2 
Chert, blue-gray, and limestone of same color, rapid effervescence____--------j------__-._-_ 810 
Limestone, light gray, soft; rapid effervescence 14 835 
Limestone, brown,hard; with brown flint 6 841 
Limestone, blue-gray, soft; in flaky chips 4 854 
Limestone, etay,. soft, cherty —2.-2-£.- 222-525) 2 Se eee 875 
Shale, blackish, bituminous 22... ee 3 898 
Limestone, cream-colored, macrocrystalline; much white chert ~-_---_---------|----------.- 906 
Limestone, light blue-gray; with white chert__---_--._-__->____-_ = eee 7 925 
Limestone, light yellow, macrocrystalline; rapid effervescence__--_____-______--__ 3 928 





In this section, the base of the Pennsylvanian may be drawn 
at 731 feet from the surface, 379 feet above sea level. The 
Shales from 1,088 to 1,175 feet are comparable in position to 
shales at Centerville which are referred to the base of the 
Mississippian and, like them, include an intercalated limestone. 
The shales at Centerville, however, lie somewhat lower than 
those at Corydon. Whether the footing of the drill hole is in 
the Devonian or in the Mississippian, it is certain that it was 
not carried far enough to reach the Silurian water bed tapped at 
Centerville, to say nothing of the Ordovician sandstone aqui- 
fers. If the shales referred to are the same as those of the 
basal Mississippian at Centerville the Silurian sandstones 
would have been encountered within 250 feet of the bottom of 
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the well. The general dip of the strata would indicate a prob- 
able depth from the surface to the Saint Peter sandstone of 
about 2,050 feet. But the upwarp of the Ordovician strata 
in southeastern Iowa and northeastern Missouri may extend 
farther to the west than is now supposed and the Saint Peter 
may lie 200 feet higher than the estimate. 

~ The 501-foot well at Humeston is reported to have cost $850 
and the pump for it $150. The Corydon well is reported by 
Mr. Rea to have cost $3,000 and the pump $450. All things 
taken into consideration, the prospects for water below the 
bowlder-clay are not encouraging. The meager yield and poor 
quality of water that are to be expected, together with the 
uncertainties involved, would not seem to warrant the neces- 
sary expense except perhaps where urgent necessity exists. 


HEAD. 


The surficial drift layer is so imperfectly pervious that the 
water level conforms closely to the surface, the water in a shal- 
low upland well commonly standing high above a near-by val- 
ley. But the head from the lower aquifers approximates more 
closely to the valley level. In the deep well at Corydon the 
water rises to a level 114 feet below the surface or to a point 
about 990 feet above the sea; and in the deep creamery well at 
Humeston it rises to a point about 100 feet below the surface, 
perhaps not far from 1,000 feet above the sea. At Seymour 
(NW. 144 NW. 1% sec. 24, T. 68 N., R. 20 W.) a flowing well 87 
feet deep discharges water rich in sulphates at the rate of 
about a gallon a minute. In a deep valley west of Lineville 
and south of the state line a well that ends in the Pennsy]l- 
vanian once overflowed. (See ‘‘Decatur County’’, p. 945.) 


CITY AND VILLAGE SUPPLIES. 


Corydon.—The Rea well at Corydon (population, 1,669) has 
in the past supplied a small private system of waterworks 
consisting of a tank on a tower connected with a few hundred 
feet of mains. 
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In December, 1912, the city well (see page 1001) was being 
pumped two nights a week, six hours a night, and was furnishing 
40 gallons a minute. A tank holding 75,000 gallons and a reserve 
cistern of 50,000 gallons capacity hold an abundance of water 
and service connections were being made. The water is bene- 
ficial in its effects upon the health of its users. 

Minor Supplies—Aside from the plant at Corydon, Wayne 
county has no system of waterworks, although it contains sev- 
eral villages of considerable size. The problem of procuring a 
satisfactory public supply is difficult. Shallow wells yield sup- 
plies that are too small and unreliable; deep drilling is expen- 
-Sive, involves considerable uncertainty and, at best, will fur- 
nish water that is objectionable because of its mineralization; 
and reservoirs in which the wash from rains is collected are 
likely in the course of time to receive poor care, so that the 
water will be unfit for drinking or household use. 

Though it is not generally possible to extract much water from — 
a single shallow well, a much larger quantity could be obtained 
from a series of such wells. A large number of these could be 
bored at a moderate cost and they could all be connected at the 
bottom with horizontal pipes, so that a pump operating at one 
would draw from all. (See p. 947.) It seems probable that ade- 
quate supplies for most of the villages could in normal years be 
obtained in this way, but a shortage might occur in seasons of 
drought. 
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CHAPTER XIV. 


UNDERGROUND WATERS OF THE NORTHWEST DIS- 
TRICT. 





INTRODUCTION. 


BY W. H. NORTON. 


The northwest district includes nineteen counties—Buena 
Vista, Calhoun, Carroll, Cherokee, Clay, Crawford, Dickinson, 
Emmet, Ida, Lyon, Monona, O’Brien, Osceola, Palo Alto, Plym- 
outh, Pocahontas, Sac, Sioux and Woodbury. Over this area 
the heavy mantle of drift has in few places been cut through by 
stream erosion and rock outcrops are rare. Below the clays and 
sands of the drift lie the shales and soft sandstones of the 
Cretaceous, which rest with marked unconformity on older ter- 
ranes. The Carboniferous strata, on whose beveled edges the 
Cretaceous formations in most places rest, are prevailingly 
shaly, and the shales of these two series of rocks can be dis- 
tinguished with difficulty when they are ground to powder by 
the drill. Another unconformity probably separates the Car- 
boniferous from the older formations of the Paleozoic. The 
earlier Paleozoic strata strike northeast and southwest and dip 
southeast, the younger giving place westward to more ancient 
rocks. 

From Emmetsburg to Fort Dodge the Saint Peter sandstone 
descends 874 feet in 48 miles, or at the rate of a little more than - 
18 feet to the mile. (See Pl. XVI, p. 814.) From Sanborn to 
Cherokee and Holstein its dip is 16 feet to the mile. (See PI. 
XVII.) From Holstein to Dunlap, if the formation is rightly 
distinguished at Dunlap, its dip is somewhat less than 10 feet 
to the mile. 
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In the extreme northwest sections of Lyon county the Sioux 
quartzite outcrops. This is the most ancient rock exposed to 
view in Iowa and is referred to the Algonkian. Its surface sinks 
rather steeply toward the south and east from its outcrops in 
Lyon county. 

On the whole, conditions appear to be somewhat favorable 
for artesian wells over a large part of northwestern Iowa. The 
successful well at Jefferson; just southeast of this area, sug- 
gests that deep wells in the southeastern counties might obtain 
satisfactory supplies. The deep wells at Sanborn, Cherokee and 
Holstein (Pl. XVII) carry the favorable forecasts to the coun- 
ties of the second tier east of Missouri river, where the Ordo- 
vician and Cambrian sandstones may be found within drilling 
distance of the surface and will probably yield sufficient water 
for municipal supplies. A deep well at Emmetsburg, in the 
northeastern part of the district, was not successful. For the 
western tier of counties the forecast is far less favorable (pp. 
1007). The Saint Peter and the subjacent formations enter north- 
western Iowa from the east under their normal facies. At Hol- 
stein, where the drill hole was sunk about 550 feet below the 
summit of the Saint Peter, the samples preserved from below 
that formation indicate about 200 feet of the arenaceous dolo- 
mites of the Prairie du Chien stage, underlain by about 250 
feet of the Saint Lawrence formation and 35 feet of sandstone 
referable to the Dresbach, the latter extending to the bottom 
of the well. At Le Mars (Plymouth county) the deep well af- 
fords no evidence of the strata penetrated between the base of 
the Cretaceous at 810 feet above sea level and the pre-Cambrian 
eneiss at 215 feet above sea level, except two sandstones re- 
ported at about 400 and 300 feet above sea level. (See Pl. VI, 
p. 310.) If the upper of these sandstones is the Saint Peter, 
the combined thickness of the subjacent terranes to the base 
of the Cambrian is only about 200 feet. At Sanborn (O’Brien 
county) a sandstone is reported at 787 feet above sea level, and 
below this lie nearly 450 feet of ‘‘shales, blue and green, mixed 
with sandstone’? and ‘‘shales, green and white.’’ This sand- 
stone may be the Saint Peter or the Jordan, the shaly nature 
of the subjacent bed rather favoring the latter reference. At 
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IOWA GEOLOGICAL SURVEY 






PLATE XVII 
<———— 30 miles ---—_——_><_—_——-. 18 miles ———> 
Sanborn 
Holstein 


Cherokee 


Sea level 


GEOLOGIC SECTION BETWEEN SANBORN AND HOLSTEIN, IOWA 
By W. H. Norton 


THE NORRIS PETERS GO., WASHINGTON, 9. ©. 
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Sioux City (Woodbury county) minute-grained, calciferous 
sandstones and marls, prevailingly glauconiferous, extend from 
the fundamental schists upward for about 250 feet. These have 
the appearance of the Saint Lawrence formation. At 155 feet 
above sea level occurs a white sandstone which, like that at San- 
born, may be either the Saint Peter or the Jordan. 


Of the formations above the Saint Peter, the Decorah shale 
and the Platteville limestone cross the entire eastern area of 
northwestern Iowa in full force and continue at least as far 
west as Cherokee. They are succeeded upward by heavy dolo- 
mites, which.no doubt include ¢he Galena, and may also include 
the Maquoketa and formations of Devonian and Silurian age. 
These dolomitic beds measure about 300 feet at Cherokee and . 
may exceed 500 feet at Holstein. At Sanborn they are not men- 
tioned in the driller’s log, but at Sioux City dolomites, largely 
cherty, occupy at least 300 and possibly 400 feet of the section 
above the Ordovician and Cambrian sandstones and glauconif- 
erous shales. Though these dolomites at Sioux City may be- 
long to the Prairie du Chien stage, their reference to the higher 
terranes is more in accordance with the supposed general 
stratigraphy of the area. At Jefferson all the samples of drill- 
ings for 650 feet above the shale of the Platteville and the De- 
eorah shale are of dolomite or magnesian limestone. These 
limestones carry artesian water in other districts of Lowa, but 
practically nothing is known of their capacities here. 


In the counties bordering on Missouri river, so much diffi- 
culty is felt in making artesian forecasts that general state- 
ments must suffice. The chief water-bearing strata are hun- 
dreds of miles from their nearest outcrops in the state in the 
eastern counties bordering Mississippi river, and though they 
have been carefully traced from one deep well to another far 
‘to the west the deep wells of western Iowa are so few, and so 
little is known of them that the line of stepping stones is so 
broken that little more than general stratigraphic considerations 
remain for guidance and support. Fortunately artesian water 
may be found in the Cretaceous sandstones under the drift, so 
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that the question of a deeper supply is not so pressing as it 
otherwise would be. 

In Lyon, Sioux and Plymouth counties the Sioux quartzite 
and pre-Cambrian schists underlie the region at depths rapidly 
- increasing southward and eastward. Unquestionably above 
these pre-Cambrian rocks lie the older Paleozoic rocks, but their 
lithologic nature is largely a matter of conjecture and it is 
possible that in these counties they contain few or even no beds 
so constituted as to carry artesian water in considerable quan- 
tities. At Sioux City, for example, the well of the Sioux City 
Water Company penetrated the. Paleozoic rocks to a depth of 
at least 700 feet, but failed to find artesian water in paying 
quantity. The deep well at Hull found water below 700 and 
800 feet, and the supply was stated to be unlimited, but Mr. 
Meinzer was informed that the casing of the well had been cut 
at about 350 feet from the surface and that most of the water 
of the well came from this horizon in the country rock, a state-_ 
ment which finds some support in the head of the well as com- 
pared with those of other wells in the Cretaceous of the vicinity. 
The texture of the saccharoidal sandstones found at Hull at 
755 feet to 1,263 feet would allow them to yield copiously, 
but at Hull they are interbedded with impervious sills. Out- 
side the area of these igneous intrusions, an area that is prob- 
ably small, these sandstones, if not indurated, may yield arte- — 
sian water. Thus wells drilled below the Dakota sandstone in 
these three counties may be considered experimental. The geo- 
logic conditions are not strongly adverse to such experiments, 
but the two or three deep wells already sunk do not encourage 
them. 

In Woodbury and Monona counties the Paleozoic rocks are 
no doubt thicker than they are in the northern counties border- 
ing the Big Sioux and the possibility that they may include water 
beds is greater. The general geology of the deeper strata, so 
far as it can be inferred, is somewhat encouraging to deep-well 
digging in eastern Monona and Woodbury counties, but all 
artesian wells must be largely experiments and can not be defi- 
nitely recommended. The lower Paleozoic water beds, if found, 
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should occur at Onawa above 600 feet below sea level or within 
1,650 feet of the surface, and a well of this depth should be 
sufficient to test possibilities at this station. , 





BUENA VISTA COUNTY. 





BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


The surface of Buena Vista county consists essentially of a 
gently undulating drift plain containing numerous undrained 
depressions, the largest of which is occupied by Storm Lake. 
This plain ranges in altitude from less than 1,300 feet above 
sea level, in the southeast, to more than 1,500 feet in the vicinity 
of Alta. The only striking break in the topography is caused 
by Little Sioux river, which enters from the north and flows 
westward near the county line for some miles, occupying a 
gorge-like valley over 150 feet deep. 

Beneath the thick and continuous mantle of glacial drift lies 
a stratified series of shales, sandstones and limestones, supposed 
to be Cretaceous in age. (See PI. VI, p. 310.) 


UNDERGROUND WATER. 


SOURCES. 


The water supply of Buena Vista county is drawn chiefly from 
alluvial deposits, the surficial portions of the glacial drift, sand 
in the deeper portions of the glacial drift, and Cretaceous sand- 
stone. The alluvial deposits are practically confined to the 
valley of the Little Sioux in which they supply shallow wells; 
the surficial portions of the drift are penetrated by several 
thousand shallow bored wells, most of which yield only small 
supplies and many of which fail in dry seasons; the sand de- 
posits in the deeper portions of the drift are reached by many 


drilled wells; and the Cretaceous strata have apparently been 
64 
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entered in a few places. Beneath these formations are other 
water-bearing formations not yet reached by the drill in this 
county, but some knowledge as to what is to be expected from 
these sources can be gained from the deep wells in the surround- 
ing towns of Mallard, Emmetsburg, Sanborn, Cherokee and Hol- 
stein. 

The only source of water below the surficial deposits and 
within reach of ordinary drilling consists of beds of incoherent 
sand. In times of severe drought the shallow wells on many 
farms failed and wells were drilled to these beds of sand, but 
they proved so unsatisfactory that most of them have been 
abandoned and reliance again placed upon shallow wells. The 
water is under low head, is highly mineralized, and is separated 
from the fine-grained and incoherent sand with great difficulty. 
Screens of fine mesh have been used, but the sand packs around 
these and becomes firmly cemented by precipitates from the 
water, and thus effectually closes the inlets, compelling the sub- 
stitution of new screens or the abandonment of the wells. This 
incrustation has given so much trouble in so many wells that 
it has been generally concluded that the deeper sand strata are 
not practicable sources of water supply. These deeper sources 
are, however, greatly needed, and much of the failure in the 
past has been due to improper methods of drilling and finishing 
the wells. For the most part, two-inch ‘‘tubular’’ wells have 
been sunk and the pump valves have been fitted into the casing 
itself. For several reasons (see pp. 219-226) wells of this type 
are ill adapted to the conditions found in this region. Six-inch 
wells should be drilled and fitted with independent pumps. Then 
if the water is lifted slowly—for example, at the rate at which 
a windmill operates—the suction will be slight and regular, and 
in many wells screens can be dispensed with. But even where 
screens are found necessary, they are likely to last longer, and 
they can be drawn up with less difficulty through the large 
casing. 

HEAD. 


In general the water does not rise so near the surface in the 
deepest drilled wells as in those that end at higher levels. Owing 
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to the indefinite character of the well data it is impossible to 
state to what extent the wells having low head are to be cor- 
related with the Cretaceous sandstone and those having a higher 
head with the drift, but it seems evident that water from the 
Cretaceous rises to approximately 1,200 feet above sea level 
and water from most of the moderately deep drift beds rises 
much higher. In the following table the wells of the first group 
are believed to have a head of about 1,200 feet and those of the 
second group a higher head, but the head of the farm wells is 
uncertain because the surface altitude is not definitely known. 


Head of water in and near Buena Vista County. 
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Marathon, village WGLl + Seen ere eee ee near eseeacese 1,394 161 — 74 1,320 
T. 91 N 37 W. (Washington): 
SE. 3 sa 80 ~.--...---------------------------<----------=--| .--------- 216 a ESS coe 








CITY AND VILLAGE SUPPLIES. 


Alta.—tThe public water supply of Alta (population, 959) is 
pumped from two dug wells, 80 feet deep, one eight feet and 
the other three feet in diameter. It is distributed by gravity 
from a tank elevated upon a tower. About 9,000 gallons are 
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said to be used daily and this is nearly the maximum yield of 
the wells. The inhabitants rely chiefly on shallow bored wells, 
many of which yield small and uncertain supplies. 

Marathon.—The following section of the village well at Mara- 
thon (population, 532) was furnished by the driller: 


Section of village well at Marathon. 

















| Thickness. |Depth. 

Feet Feet 
at and ‘yellow’ clay: blue: clay \cc-<. <a sa da come so edea some ewan wenaee es eeee eee 70 70 
San Jaa en bode cancae nc learseted=snawaaeccnunassnedunbtiosaae ae radae conee eee 10 80 
cane: hie Gos ee on a a 70 150 
Ces Eapeep ey Spain omen ee ey See eine MMe ere ning Semi er SSE ee Soe Se an 161 











The water is reported to rise within 74 feet of the surface, 
or 1,321 feet above sea level, and the well has been pumped con- 
tinuously for eight hours at the rate of 100 gallons a minute. 
The waterworks consist of an air-pressure system with one and 
one-eighth miles of mains, six fire hydrants, and 17 taps. Only 
a small portion of the people use the public supply and only 
about 2,000 gallons are consumed daily. 

Newell—The public supply for Newell (population, 728) is 
pumped from a drilled well, 285 feet deep, into an elevated tank, 
from which it is distributed by gravity through approximately 
one mile of mains. There are 14 hydrants. The daily consump- 
tion of water is estimated at 12,000 gallons. 

Siou« Rapids——The public supply of Sioux Rapids (popula- 
tion, 868) is obtained from a well 10 feet in diameter and 27 
feet deep, sunk into the gravel of the river bottom. The water 
is pumped to an elevated tank from which it passes to the mains. 
There are 15 fire hydrants. The average daily consumption is 
reported to be about 30,000 gallons. 

‘ Storm Lake.—The public supply of Storm Lake (population, 
2,428) is taken from the lake, from which it is pumped into a 
standpipe and is thence carried by gravity through about five 
miles of mains to 28 fire hydrants. The water is used exten- 
sively in boilers and for various other purposes and is led 
through private pipe lines to several farms near the city. The 
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culinary supplies are obtained chiefly from shallow private 
wells. 

According to Norton a deep well drilled at Storm Lake would 
first pass through the drift clays and sands, then through heavy 
beds of Cretaceous shales and sandstones, and possibly through 
still lower shales of the Coal Measures (Carboniferous), below 
which it would have a long run through limestones. After pene- 
trating the shales of the Platteville limestone (which may need 
easing) the drill would enter the Saint Peter sandstone at about 
120 feet above sea level, or about 1,300 feet below the sur- 
face. To obtain the largest yield the well should be sunk to 
about 1,700 feet below the surface, at which depth it should 
tap the Jordan sandstone, if that formation preserves its iden- 
tity so far to the west. It will then have penetrated the dolomites 
and sandstones of the Prairie du Chien stage which separate the 
Saint Peter and the Jordan. On account of the high surface ele- 
vation, no flow can be expected, but the water should rise within 
pumping distance. 


CALHOUN COUNTY. 


BY W. J. MILLER AND W. H. NORTON. 





TOPOGRAPHY AND GEOLOGY. 


Calhoun county presents a level surface over which many 
ponds are scattered. The only important stream that modifies 
this flat topography is North Raccoon river, which cuts across 
the extreme southwest corner of the county, receiving from the 
north Camp and Lake creeks, much smaller streams. 

Wisconsin drift covers the entire region, resting on the Kan- 
san drift, which presumably also extends throughout the county. 
Except in a narrow strip on the eastern edge of the county oc- 
eupied by the Des Moines stage (Carboniferous), the drift rests 
on Cretaceous rocks. 

The drift deposits lie horizontally on the rocks, which in turn 
either lie flat or dip slightly eastward. (See Pl. VI, p. 310.) 
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UNDERGROUND WATER. 
SOURCES. 


In Calhoun, as in the neighboring counties, there are two im- 
portant water beds in the drift, one at the base of the Wisconsin 
drift and the other at the base of the Kansan drift. A large 
number of wells obtain good supplies of hard water from the 
drift and are as a rule so satisfactory that comparatively few 
wells go into the rock formations below. — 

The available data show that the sand or gravel at the base 
of the Wisconsin drift has not been struck at a depth of less 
than 45 feet and that in many localities it is more than 
160 feet below the surface, the most common depths being 70 
to 90 feet. Though most of the wells of the county derive water 
from this source, it does not everywhere yield water and in 
places the supply is not satisfactory. The sand or gravel lying 
at the base of the Kansan drift almost invariably affords a good 
supply of water, seemingly unaffected by the seasons. Well re- 
cords show that this aquifer has not been struck at a depth 
of less than 108 feet or more than 280 feet, the most common 
depth being from 200 to 230 feet. Occasionally a good water 
supply is obtained from local sandy layers in one of the blue 
clays. Some deep wells have obtained water from shales, sand- 
stones, and limestones of the Cretaceous and older rocks. 

Only two flowing wells have been noted in this county, one 
near Somers and the other near Lohrville. Both are situated 
near small streams or slough bottoms. The horizon from which 
the water comes is not known. 


SPRINGS. 
Springs of any consequence are very scarce in Calhoun county. 
A few seep from the drift along the sloughs. 
CITY AND VILLAGE SUPPLIES. 


Lake City.—The public water supply of Lake City (pop- 
ulation, 2,043) is taken from two wells 229 feet deep. The 
water is pumped to a standpipe and distributed under gravity 
pressure of 30 pounds to 172 taps. About 35,000 gallons are used 
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daily by 600 people. The water is hard. (See analysis of water 
from deep well of Chicago & North Western Railway Company, 
page 178.) The driller’s log of these wells shows the following 
section. 


4 


Driller’s log of Lake City well. 























Thickness.|Depth. 
. Feet Feet 
oT LLNS) [ep ae I ES eT 2 Se hs SR ee BS Thee a a eo 
REAM CLOW Yip i ws a mt ae ee em ae ed ae esos a eerie mem sa 20 24 
OE UND LY RES RISES a SES ee ESS ee en 3 60 
DSTI MENT OLUCE) 0 3a 5 con ot cnn sees Se een amen eee Cnn ene ckemn ee 66 
EGY epee eee oe SE ae ee ee ee ee 20 88 
(Ee eng) SE hae a Be oe Re he ee a Se SS eS 6 92 
SE LPL le ee EIA eg as fen ee ee 18 110 
Olay, yellow; hard blue clay; fine sand (water)..-------.-.---__.---_---...-.. 119 229 








The chief water beds of the Iowa artesian system lie deep 
below Lake City, the uppermost, the Saint Peter sandstone, 
hardly less than 300 or 350 feet below sea level, or from 1,550 
to 1,600 feet below the surface. As the Paleozoic limestones 
overlying the Saint Peter yield more or less water a well 1,700 
feet deep might obtain an adequate supply, but to get the largest 
supply a well 2,000 feet deep may be necessary and any con- 
tract for a deep well should provide for a depth of 2,200 or 
2,300 feet. 


_ In sinking such a well below the drift the drill will pierce 
Cretaceous and Carboniferous shales. The quality of any 
waters found in accompanying sandstones should be tested, as 
they may be so heavily impregnated with various mineral sub- 
stances as to make it desirable to case them out. In the Miss- 
issippian limestone and the dolomites which extend thence 
downward to the shales of the Platteville limestone some water 
of fair quality should be had under good head; but the main 
supply is to be looked for in the Saint Peter sandstone and the 
ereviced dolomites and porous sandstones underlying it. 
Lohrville—The town well of Lohrville (population, 674), 180 
feet deep, furnishes a good supply of hard water. The water 
is pumped to a tank, from which it is distributed under gravity 
pressure of 35 pounds through one-fourth mile of mains to 20 
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taps and five fire hydrants. About 3,100 gallons are supplied daily — 
to 100 persons. No log is available. 


Manson.—The public supply of Manson (population, 1,236) is 
obtained from a well 1,250 feet deep, put down in 1905 by J. F. 
McCarthy, of Minneapolis. (See Pl. VI, p. 310.) The well ‘is 
cased with 10-inch pipe to 290 feet, 8-inch pipe to, 834 feet, and 
6-inch pipe to 1,250 feet. The curb is 1,245 feet above sea level 
and water Rane 25 feet below oa: The tested capacity, 
original and present, is 300 gallons a minute. Water comes 
from 1,250 feet (according to another report from 1,050 feet) 
and from other depths unrecorded. The temperature of the 
water is 56° F. The water is pumped through three miles of 
‘mains to 25 fire hydrants and 75 taps. Domestic pressure is 
50 pounds and fire pressure 80 pounds. About 400 persons are 
supplied daily. The daily consumption is 30,000 gallons. The 
water is said to be soft. 


Driller’s log of Manson city well (Pl. VI, p. 310). 











| Thickness. Depth. 





Feet Feet 
28 


Soil vers aoe Ce 23 
Olay, blue .-----~------------------ ---- 22 nn en = nnn on 187 210. 
Gravel sae water_.-------------------------------- -- -------- ---- -----2 =~ ---- == 213 
Clay, blue wo me mn een nnn nnn anenwn— anne ns en en ene 97 310 
Shale or slate; "some hard; some soft; some Yt mer ee eee 740 1,050 
Eerepe ced wren cn nn nen nn nnn a nn nn nn mn nn nn me re nn nnn nnn ne en rn ce nnn ncenne nee 170 1,220 

30 1,250 


eee ow on oa ee a ee ee ne ee a ee on oe oe ce on ee ee oe ee eo ce en we ee ence = 


Granite: ike rock. 





A citizen of the town asserts that no rock of any kind was 
struck until the drill reached a depth of 1,050 feet, when it en- 
tered porous sand rock, from which water flowed in immense 
volume. Another citizen who had much to do with the well 
attempts to support the theory that this sandstone is the Saint 
Peter by stating that it was ‘‘as hard as flint and as white as 
snow, and ground up into fine dust or powder.’’ The driller 
states that he believes ‘‘that it was the true quartz rounded 
white sand rock.’’ 

Literally construed this log would revolutionize the current 
conception of the deep geology of the region. Although but 18 
miles distant from Fort Dodge, Manson is reported to find a 
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heavy sandstone 600 feet higher than the first sandstone at 
Fort Dodge—the Saint Peter. The Saint Peter undoubtedly 
rises from Fort Dodge toward Manson, but according to the 
average dip from Cherokee to Fort Dodge the Saint Peter would 
not be encountered at Manson within 1,500 feet of the surface 
—450 feet below the summit of the sand rock of the Manson 
well. 

If there are no local sharp deformations of the deep-lying 
strata in this region the aquifer at Manson is Silurian or Or- 
dovician (Galena). Dolomites from these formations are not 
infrequently termed sand rock, because of the sparkling crystal- 
line sand to which they are crushed by the drill. The descrip- 
tion of the Manson water bed as ‘‘a rock hard as flint’? in no 
way fits the Saint Peter, which is uniformly one of the softest 
of rocks, but seems to point to cherty layers that occur in both 
the Silurian and the Galena. 

As to the granite-like rock at the bottom of the well, it is im- 
probable that any deformation exists in this area sufficient to 
bring the floor of crystalline rocks so near the surface. The 
sample of this granite submitted for examination was a granitic 
pebble of glacial drift, about three inches in diameter. 

‘The Manson well, with its exceptionally large supply of water 
of unusual softness and high head and its exceedingly peculiar 
log, emphasizes the need and value of keeping samples of the 
euttings at frequent intervals as the well is drilled. There are 
few localities where the lack of such information is more severe- 
ly felt. 

If the well should fail and repairs should prove ineffectual, 
a larger supply may be obtained by sinking the well deeper. 
Assuming an uninterrupted dip of the terranes from Cherokee to 
Fort Dodge, the Saint Peter sandstone lies about 250 feet below 
the bottom of the drill hole. Drilling not only to the Saint 
Peter but also to the sandstones of the Prairie du Chien stage 
and the Jordan sandstone should give an inexhaustible supply 
within 1,900 feet of the surface. 
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Pomeroy.—The public supply of Pomeroy (population, 815) is 
obtained from a well 149 feet deep, from which it is pumped by 
direct pressure (air) through 144 miles of mains serving 40 
taps and 20 fire hydrants. The domestic pressure is 40 pounds 
and fire pressure 60 pounds. About 300 persons use the city 
supply. The daily consumption is 9,000 gallons. The water is 
rather hard. The strata penetrated by this well are indicated 
by the following log: 


Driller’s log of Pomeroy town well. 








Thickness} Depth 





Feet Feet 
3 


Soll, Blaek (aan ose no nn So een ce eecnsaananeesee aban mete n pee eeneee 3 

Olay, Yellow. (322 5.. un eben e e e eSeeee 12 15 
Olay; blue’ 3. ea. nn ea a erase eee eee 20 35 
Sand (come Lf) ) ee ee ee ee Pet a MB Pl 1 36 
Olay Die ere ona ncn 25 ao Sacre ca maker otee reac tin rn em et eopeee iee e 45 81 
Olay a ian ce nes nen Sete oer ee acs een eo eae eee nies he Se ame eS eee ee 15 96 
Olay; “blue 2222-2 n a a nen ce eee eed ae eee 36 132 
Sand ey Bravel (water) .a<-+ - cescn ce cece keene dna eee eee 17 





Rockwell City—Rockwell City (population, 1,528) owns two 
deep wells—one 1,475 feet deep and the other 950 feet deep. 
The latter well, which until recently supplied the town and two 
railways, is 12 inches to 614 inches in diameter and is eased with 
10-inch pipe to 264 feet, 85-inch pipe to 355 feet, and 614-inch 
pipe to 490 feet. The water stands 200 feet or more below the 
curb and has been pumped at rate of 105 gallons a minute. The 
well was completed in 1904 by J. P. Miller & Company, of Chi- 
cago. 

The water is pumped to a standpipe, from which it is dis- 
tributed under gravity pressure of 40 pounds domestic and 75 
pounds fire through 2.6 miles of mains to 70 taps and 19 fire 
hydrants. 

Driller’s log for city deep well No. 1 at Rockwell City. 














A | Thickness.|Depth. 
¥eet Feet 

Dridt coke cers tees sees awe oe oe means Se eal bee a ae ne ne ene ee ae 264 264 
Shale ‘(and ‘streaks’ of rock, ‘caving<-..... 2. ee eee 91 855 
Lime, hard. and shale; caying’ 222.2. ee ee eee 135 490 
Lime, “hard (oaicebe so an a sw a ee ee 160 650 
Lime, “BaD y (ose oe See cece cae cere crs ree ee aoe ion om een eo 200 850 
Lime, hard - ae wii dee een ee een eee ae eee ae 91 941 
Shale, sandy, “to bottom of well:..- a See ee ee 9 950 





a" 
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The deeper well was completed in 1910. The geologic section, 
so far as it can be made out from the samples saved, is as fol- 


lows: 


Record of strata, city deep well No. 2, Rockwell City. 








| Thickness. [Depth. 


Oe wm wr oe oe oe ee oe a ee re en a nr 


SLES SG RT Gh gee ee So SIE Se ee eee 
MTEL. LALERES) ye seal AMG SONS ROEES S 3o Sas Se a Bee tT: Lo eee, Dees ae eee 
PITH en GE yello Wt ee ee ire meee Cierra Se ee 
Oarboniferous: 
Pennsylvanian (160 feet thick; top, 1,062 feet above sea level)— 
RIE OATS CER ier a ee eee eee a eenecdesnaes! 
Sandstone, white; grains very imperfectly rounded; calcareous cement; 
muchapyrite, jc 2 es eee OD eS aa es ake 
NOU g Es oy Ue a el Ne RRS ee ee nS 
Niaie-edark drab... Dyritileronssesas = ee ee eee re es ee se 
TICE OP a My he yale pee 8 eens Ne ee eS ee eee 


Mississippian (499 feet thick; top, 902 feet above sea level)— 
Dolomite, dark buff, with finely disseminated white silica in granules; 
also dolomite, blue-gray, hard, compact, in larger chips_-_----------- 
Dolomite, dark, buff, coarse crystalline-granular ~---.---.--------------- 
Shale, light blue, calcareous but nonmagnesian, pyritiferous; also much 
butt, and) drabi dolomite; Imecbipss css. eek oes 
Devonian and Silurian (160 feet thick; top, 403 feet above sea level): 
Limestone or dolomite; rather slow effervescence; light buff, fine ecrystal- 
ARES Oe DU CATIULEONTS >; © 00D) SOKQ) UE COUN Ue ee ie ea ee oe ona ease - 
PRBS. LoTCe VENOW-PTAVs | Ts andr see ee ee 
Dolomite, buff; in small chips; crystalline-granular_-____.-_-_-----_------. 
Limestone, dark blue-gray; slow effervescence; rather small argillaceous 
residue; some hard green shale and well rounded grains of quartz, at_.-- 
Ordovician: : 
Galena dolomite and Platteville limestone (492 feet thick; top, 243 feet 
above sea level)— 
Dolomite, browsz,, crystalline) ..2-2-5 2 ee cn eee 
Dolomite; brow, fine-erained./ compact... 2222022 2 te 
Dolomite, light blue-gray, saccharoidal, cherty_-------.---------------.. 
Dolomite, light yellow, in fine crystalline sand_-------__--------------.. 
Dolomite, . buff, .granular crystalline... 22... 2-2... <<. se 
Golomite, cream-colored: vin ine Sand. 2-5. ae 
Himestone, whitish, Tapid eifervescentGs—--.. .2--.. oot 
Shate, greenish; facies’ of the Decorah...2- = =... .._~ eee 
Saint Peter sandstone (5 feet penetrated; top, 249 feet below sea level)— 
Sand, white, with much brown bituminous shale in drillings_------.--_- 





BANG oo 2 oot ttre ene eee eae ae meee ain aa neon ercanepenaane 


Feet 


2 
20 
133 


194 
85 


220 


Feet 
2 


22 
155 
161 





Analyses of drillings from city deep well No. 2, Rockwell City. 








< 


Depth of sample in feet 


515-600 1190-1202 


HDS 5 es ae eh SE et CS Sa ES eee 56,583 69.608 
OO nL) | RRR RS ST eS a aR 41.189 21.416 
ree ee ee ee 0.857 6,087 
RICE T.O gos 8 he ee cee en CP a 0.877 1.893 
I ee sas Nan emer A ee 06900 Hath we 

99.615 99.904 











%Made in chemical laboratory of Cornell College, Iowa. 
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It had been estimated that the Saint Peter sandstone would 
be found at 300 feet below sea level (1,525 feet below the sur- 
face). In May, 1910, this formation was reached at 1,472 feet 
below the surface. 


Somers.—The Chicago Great Western well at Somers (popu- 
lation, 169) has a depth of 1,483 feet and diameters of 12 
inches to 152 feet, 10 inches to 200 feet, 8 inches to 339 feet, 
and 6 inches to bottom; casing to 660 feet. The curb is 1,157 
feet above sea level, and the head 60 feet below the curb. 
The capacity is 100 gallons a minute. The water comes from 
1,000 to 1,200 feet (small amount) and from 1,470 feet (main 
flow). The well was completed in 1904 by C. A. Stickney of 
St. Paul. Two sets of samples of the drillings have been ex- 
amined, one having been sent to the United States Geological 
Survey at Washington and one directly to the senior writer by a 
contractor. The two are conflicting and several of the labels are 
evidently incorrect: 


Record of strata in railway well at Somers. 


Depth in feet. 

Till (U. S. Geol. Survey sample): Limestone, yellow; slow 
effervescence; hard, dark drab; calcareous and siliceous 

shale; -alllin ‘fine'ssand 2.2 ee ee 60 
Limestone, gray; slow. effervescenGe-...cense-seses ame ea eee eeeee 60 
TIT, blues (USS? iG. 8.) se eee ee eee ee eee 76 
Till, blue (U. S. G. §.): Limestone, light buff; slow efferv- 
escence; much “white chert 4 222322-- 2-20 eee eee 106 
Shale, dark, carbonaceous (U. S. G. S.); limestone, crys- 

talline, light yellow-gray, hard; slow effervescenceé__-----. 155 
Shale, blue (U. S. G. S.); limestone, light buff, hard; slow 

efferv eSCONCE . ~Ssssecasa osu cee- eas Sree ecb os ese nea ee eee 210 
Shale, dark drab, carbonaceous (U. S. G. S.); shale, blue, 
noncalcareous, pyritiferous, minutely arenaceous------------- 220 
Dolomite, buff, porous, crystalline, in sand at 508, 520, and- 566 
Limestone, gray, cherty; slow effervescence-_---_---------------- 680-689 
Dolomite, crystalline; gray; much white and gray chert and 

some rather fine rounded grains of quartz sand-_----------~----- 1,315 
Dolomite,) buffs: «much white) chertitc-.e.5<—o an eee 1,320 
Dolomite, drab and white; a few grains of quartz sand__-- 1, 335 
Dolomite, put; with white (cher tees: =n os een eee 1,340 


Dolomite, light yellow-gray (U. S. G. S.); shale, dark drab, 
black when wet, apparently from Coal Measures and evi- 


dentiy misplaced: .-s. 22. ==) 2 ee eae sae eta ee 1, 345 
Dolomite, white, erystalline;in fine sandl--2-2 222s % 1,350 
Dolomites, Oil anne aS Se a ee 1, 355 
Dolomite, white and: eray; 1; 3860and 2 esc eee 1, 365 
Dolomite, light pray; with! white’ shales 2s eee 1, 370 


Dolomite, Jight. yellow. -2 22-22 eke ae ee ree eee eee epee 1,875 
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Record of strata in railway well at Somers—Continued. 


Dolomite, gray (U. S. G. S.); limestone, light yellow, rapid 
effervescence, compact, earthy luster; some lithographic 
with conchoidal fracture, probably misplaced_--.--.....-.-... 1, 380 


PHoLtomice,, Neht: yellow. erystalliness essa esseeeeeeee oun oe 1,885 
Dolomite, ligkt gray (U. S. G. S.); drab till, evidently mis- 
jE ey DN eee ee ee et ke ee ee rl 1,390 
Marl, light pinkish yellow; large residue of cryptocrystal- 
line and crystalline quartz particles_..--......-._....-.--...----.. 1,395 
mwolomite,;: built; cherty, at 1,400, .1,410, and. --2_-_..— -- 1,415 , 
1, 420 


Dolomite, light and dark gray 


oe en oe wn ww ee ow ee we ew wn oe oe oe ee eee 


BES, 20.0, 500 | LOG bak ce rea eee ee eee ee cen car can eue aban smne 1, 425 
Dolomite, white, gray, and buff, some chert; 6 samples----1, 430-1, 470 


It may be added that the driller who had charge from 660 
feet to the completion of the well reports that for this dis- 
tance the drill appeared to be working in one solid mass of 
hard ‘‘lime rock.’’ The dolomites from 1,315 to 1,470 feet 
evidently belong to the Galena. 


918. 


(See Fort Dodge section p. 


WELL DATA, 
The wells listed in the following table may be considered 


typical for the county: 


Typical wells of Calhoun County. 











Owner Location 


Depth to rock 


Source of sup- 
ply 


Head below 
eurb 


Remarks: 
(Logs given in feet) 








Frank Oasey ---./4 miles southwest of 
Manson. 


G. Haney ----.--/2 miles north of Rock- 
well City. 


Sam Ness --------/3 miles northeast of 
Somers. 


Henry Arnold ---|24 miles east of Man- 
son. 





125 


300 


OO eee oee 





230 





Ps (eae 


Sandstone_ 


Sand and 
gravel. 





2 
Se 


40 


90 





Bored well, 12 inch. 
Black soil, 3; yellow 
clay, 22; sand (some 
water), 6; blue clay, 
129; sand and water, 
2; no rock. 

Bored well, 22 inch. 
Black soil, 3; yellow 
Clay, 15; blue clay, 106; 
sand and much water, 
1; no rock. 

Black soil, 4; yellow clay 
20; blue clay, 106; 
gravel, (no water), 5; 
blue clay, 93; sand, 2; 
sandstone (water at 
bottom), 70. 

Black soil,3; yellow clay, 
17; blue clay, 60; sand 
(no water), 38; blue 
clay, 107; sand and 
gravel and water, 6; 
no rock. . 
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Typical wells of Calhoun County—Continued. 
































a 
} 5 z 
w pe (=) 
Owner Location S e z Remarks: 
a a 2 ae) (Logs given in feet) 
S| 8, 8a | 3¢ 
Qa Qa 7) ss] | 
Charles Dunnonn| 13 miles south of Man-} 223 |______ Gravel ____.| 20] Black soil, 3; yellow 
clay, 15; blue clay, 60; 
yellow clay, 25; blue 
clay, 65; clay (harder), 
50; “hardpan” hard 
clay, 1; gravel (water), 
4, no rock. 
Ju Daunte 22> 3 mile east of Manson| 198 |_---_-|_---__--_--- 17 es in rock (7?) at 
ase. 
Moody & Davey|4 mile south of Jolley} 145 | 129 |Shale(?)--.| 22 
R. 8S. Middleton. |Z nies south of Lohr-| 58 |-_-_---. Gravel____.| 15 | No rock. 
ville. 
George Linvilling-|5 miles east-northeast| 209 |__---- __.. do --__| 100 | Black soil,3; yellow clay, 
er. of Lake City. 10; blue clay, 62; sand 
and gravel (dry), 75; 
yellow clay, 4; sand 
and gravel (dry), 46; 
sand and gravel and 
; water, 9; no rock. 
— Workman --|3 miles south-south-| 126 |_____- 22 do =) 60") No woeks 
east of Lake City. 





* CARROLL COUNTY. 


BY W. J. MILLER AND W. H. NORTON. 





TOPOGRAPHY. - 


Carroll county is divisible into two topographic provinces 
by a line extending from the northwest to the southeast 
corners. The line of separation is, however, not sharp. The 
southwestern area is made up of low rounded hills and inter- 
vening valleys like those in Crawford county, to the west, and 
is erossed by the high land of the Iowa divide. It is 
cut by many small streams, of which Brushy creek, on the 
east side, is the largest. The northeastern area is primarily 
a flat country, poorly drained except in the vicinity of the 
main waterways and showing only very broad, gentle undula- 
tions; North Raccoon river crosses its northeastern corner 
and Middle Raccoon river flows along its western border. 
Branching streams are few. 
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GEOLOGY. 


The loess covers half of the county, but thins eastward. In 
the southwestern half of the county it rests everywhere on 
Kansan drift. Wisconsin drift extends over all of the north- 
eastern half and causes the level land of that region. The 
Kansan drift, under the loess or under the Wisconsin, is 
spread over the whole county. The drift is exceedingly thick 
in the western part along the Iowa divide and gradually be- 
comes thinner toward the east. Rocks of Cretacous age, ly- 
ing flat or dipping very gently eastward, everywhere underlie 
the Kansan drift. (See Pl. XI, p, 458.) 


UNDERGROUND WATER. 


SOURCES. 


At least three well-defined water horizons are found in the 
drift deposits of Carroll county—one in sand or gravel just 
below the loess at depths ranging from 10 to 50 feet below the 
ground surface; one in sand and gravel beneath the Wisconsin 
drift at depths ranging from 70 to 150 feet; and the third in 
sand or gravel just below the blue clay of the Kansan at depths 
ranging from 150 feet to 400 feet. The beds at the last-named 
horizon are the most widespread, persistent, and satisfactory, 
almost everywhere yielding water in large supplies, unaffected 
by seasons. The greatest depths to water are found in the 
western part of the county along the Iowa divide, where’ the 
drift is deepest. In some wells water has been struck in sandy 
layers within the blue clays of either the Wisconsin or the 
Kansan drift. | 

Little is known regarding the sources of water in the rock 
formations underlying the drift, but a few wells have been 
drilled through the thin Cretaceous beds, and derive their 
water from the Upper Coal Measures (Missouri stage). 

In the loess-covered southwestern half of the county many 
dug wells obtain water from the sands and gravels below the 
loess and below the blue clay of the Kansan. In the north- 
eastern half of the county, where Wisconsin drift overlies the 
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Kansan, many drilled wells obtain water at the base of the 
Wisconsin and at the base of the Kansan. 

In the northeastern area, especially toward the east side of 
the county from Lanesboro southward to Coon Rapids, the 
drift deposits, like the ground surface, slope gradually down- 
ward from the Iowa divide, and low ground along the stream 
courses affords conditions favorable for flowing wells. A num- 
ber of such wells are found along North Raccoon river or 
Middle Raccoon river and its tributaries and on low land near 
them, where the head of water is great enough to cause over- 
flow. The gathering ground for this water is probably on the 
higher land farther west. The water in most of these wells 
is thought to come from gravel under the blue clay of the Wis- 
consin at depths ranging from 25 to 130 feet according to loca- 
tion. Along Willow creek, in the extreme southeastern part of 
the county, flowing wells are easily obtained at depths ranging 
from 25 to 40 feet. 


SPRINGS. 


In the eastern part of the county along the principal stream 
bottoms, such as North Raccoon river and Middle Raccoon 
river, are many small springs, most of them from the Wiscon- 
sin drift. 


CITY AND VILLAGE SUPPLIES. 


Carroll—Carroll (population, 3,546) is supplied from three 
wells 113, 116, and 120 feet deep. The water is pumped to a 
standpipe, whence it is delivered by gravity through 4% miles 
of mains to 38 fire hydrants and 300 taps. Three thousand peo- 
ple use 150,000 gallons daily. The domestic pressure is 85 
pounds and the fire pressure 100 pounds. 

The drilling of a deep well at Carroll (elevation, 1,251 feet) 
is not discouraged, but it should be definitely understood that 
the quantity and quality of the water in the deeper rocks are not 
certain. Some water will be found in the drift, in the sand- 
stone interbedded with the heavy shales of the Cretaceous and 
the Pennsylvanian, and in the underlying Mississippian lime- 
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stones. Water should also occur in the dolomites (Galena), 
hundreds of feet thick, that intervene between the Mississip- 
pian and the Decorah shale. If the general attitude of the 
deep strata assumed for western Iowa prevails here, and there 
is no local deformation, the Saint Peter sandstone lies about 
400 feet below sea level, or 1,650 feet beneath the sur- 
face. 


For a town the size of Carroll a well should be sunk through 
the Saint Peter and the underlying creviced dolomites and por- 
ous sandstones, which as a rule yield far more generously. 
When the drill reaches any considerable thickness of glaucon- 
iferous shales or marls, drilling should be stopped. The water 
may be expected to belong to the sodic sulphated class. If the 
upper waters from the Cretaceous and Carboniferous are ad- 
mitted to the well the water will probably be distinctly more 
highly mineralized. , 

Minor supplies—Small village supplies are summarized in 
the table below: 


Minor supplies in Carroll County. 


























uo) 
Pressure 2 rv 
2 re) | 
5 B48 
Nature of Pumping Birk = © a = rat 
Town supply system Distribution 3 > “ 9 
a g py (at S Pre 
S| & jes |£\3) 8 ) 3s 
(al i) a |\e!lal] A a 

! 

Ibs. | Ibs. | Miles Galls 

Coon kK .pids.|Well 90 feet}/Steam Gravity from 40; (2?) | 1 15 | 40 | 3850 | 12,000 
deep. pump, tank. 

double 
acting. 

Glidden --.-.. 2 wells 122) Gasolina Direct (air) | 20-70 | 70 14 | 12 |140 | 700 | 30,000- 
and 182| engine pressure. a 40,000 
feet deep. and deep 

well 
‘ pump. 

Manning --__.-|17 d ri v en|Steam Gravity from| 60-80 | 80+ | 1.1 | 18 |161 |1,200 | 30,000 

wells with) pump, tank. 
s a n d| double 
points. b. action. : { 














@ One tank in reserve for fire. 
b&b One well dug for fire only. 
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WELL DATA. 
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The following table gives. data of typical wells in Carroll 























county : 
Typical wells of Carroll County. 
I 
ad ° 
5 on 
= Source of S 5 R k 
; : i emarks: 
Owner Location P a supply . 3 (Logs given in feet) 
eA 3 
A} A ee] 
| 
Feet | Feet Feet 

Js SDrOWS?, 2 - ~~ 2 miles east of Ar-| 400 | 360 /Sandstone -.-..|— 75 |Drift, 360; sandstone, 40. 

cadia. 

Town ------------|Glidden ~--------.--| 122 |....--|Sand ------.---|— 76 |Soil, and yellow clay, 40; 
blue clay, 50; sand, 32; 
no rock. 

Mrs. ©. J. Brown|7 miles southeast) 175 |------ Gravel an d/— 80 /20 foot bed water-bearing 

of Glidden. sand. sand at bottom. Gaso- 
line engine pumps 90 
gallons a minute. No 
rock. 

O. O: Dutton2=-!5 miles ‘south, 2) 7420)" 104) 2 eae Unsuccessful well. Black 

miles east of soil, yellow clay, blue 
Glidden. clay, gravel (no water), 
175; sandstone, 25; shale 
(hard and black) and 
sandstone layers, 218; 
coal, 8. 
Ohas. Stuteman__|53 miles north, 2) 316 |------ Grave] _..-.-...|— 4 |Flows through pipe out 
miles west of of side of well. No rock. 
Glidden. 

M. J. Hieres_____/1 mile northwest; 435 |_----- |Sand a n d/—100 |8-foot sand bed at bot- 

of Carroll. gravel. tom. No rock. 

W. Anderson --.-|5 miles northeast) 400 (?) |Sandstone OPiee-.00 

of Arcadia. cemented sand 
H. Eklers ----.-./6 miles south of/ 400+|------ Sandstone }is22_|2as = Sandstone or consolidated 
Areadia. sand. 
Chicago & North|Carroll ~-----------| 158 |--_--- Sand92- eS eee Steam pump for railway. 
Western Ry. No rock. 
Mr; Kelly 22222 3 miles south of| 70 |------ Gravel j2-o= --+ |Flows at elevation of sey- 
Lanesboro. eral feet. Yellow clay 
and pebbles, gravel, 20; 
blue clay, 35; sand, 
| gravel (water), 15; no 
rock. 
Y. Moore -------- 2 miles mnortneast| 248 |_..-.- Gravel and — 40 |No rock. 
of Lidderdale. sand. 

Mr. Arneal —----- # mile west of Lid-| 238 |______ Sand  -....... -_|— 40 Do. 

derdale. 

G. W. Stout...|Coon Rapids ----.| 250 |__... Sand or sand-|—190 

stone. Do. 
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CHEROKEE COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


Cherokee county occupies a gently undulating upland plain, 
most of which is more than 1,300 feet above sea level and a part 
more than 1,400 feet. Intrenched in this upland is the valley 
of Little Sioux river, whose flood plain throughout most of its 
course is less than 1,200 feet above the sea. 

The upland surface is covered by a thick layer of glacial drift, 
whose upper portion is somewhat yellowish and gravelly, but 
whose deeper portions consist chiefly of a denser and darker 
bowlder clay. In the valleys water-laid deposits of gravel, sand, 
and clay are found at the surface. Below the glacial drift is a 
stratified series of soft blue shale and poorly cemented sand- 
stone, supposed to be Cretaceous in age, and below this are 
older sedimentary formations. (See Pls. VI, p. 310; XVII, p. 
1006.) The Cretaceous strata have apparently been entered by 
the drill in a number of wells, and the underlying older forma- 
tions have been deeply penetrated at the Hospital for the Insane 
at Cherokee, in a well sunk from the upland level to a depth of 
1,070 feet. 


UNDERGROUND WATER. 


SOURCES. 


The water supplies are derived from the alluvial sand and 
gravel, glacial drift, Cretaceous sandstones, and pre-Cretaceous 
sandstone (deep well at Hospital for the Insane). 

The alluvial sands and gravels are practically restricted to 
the valley of the Little Sioux, where they yield copious quan- 
tities of water, which is of excellent quality where the wells are 
protected from pollution. 
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The clay and gravel that constitute the upper layers of glacial 
drift are tapped by several thousand shallow wells and furnish 
nearly all of the water used for culinary, stock, or other pur- 
poses on the extensive upland tracts. The abundance and per- 
manence of the supply from this source vary with different local- 
ities according to the amount of gravelly material and the depth 
at which it is found and also according to the topographic re- 
lations that determine the ease with which the water may be 
drained from these porous beds. Where conditions are favor- 
able the supply is ample at all seasons, but where they are ad- 
verse serious difficulty is experienced during dry years. ‘The 
wells are generally sunk in low places, the conditions being so 
local that radical differences are found in different parts of the 
same farm. The water is hard, but is otherwise generally of 
good quality. ! 

A small number of drilled wells end in sand and gravel at or 
near the base of the drift, and most of these wells are giving 
satisfactory service. In some localities, however, water-bearing 
deposits have not been found in the deeper portions of the drift. 

Only a few wells extend to the Cretaceous. Some of these 
are successful, but in others there is difficulty in separating the 
water from the fine incoherent sand. The water from this 
source rises to about 1,200 feet above sea level. Thus on the 
uplands it remains 200 feet, more or less, below the surface, 
but in the Little Sioux valley in some places it overflows. It 
should not be supposed that because flows are obtained in the 
valley they can also be obtained by deep drilling on higher 
ground. 


HEAD. 


The following table gives approximate data as to the head of 
the water in some of the deepest wells in the county: 
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Table showing head of water in Cherokee County. 
































o 
23 Height to which 
v= b the water rises 
PO Sat 
Descriptio o8 & 
8 p n | 2 . = e 2 2 
BS ar Pepe). be 
Za fh eos °. 
= os o 220 2a 
<q Qa <q <q 
; ‘ ; Feet Feet Feet | Feet 
EVEL AA DE i 05 0 Ul AE a tM el a ae 1,387 391 —190 | 1,197 
crouneortarm wells near Aurelia... °<\ too ese 8 8 1,390 @ |300-875 —190a| 1,200a 
ule UETOKeS City wells... os Fe 1,180 a |165-200 +0 1,180 
wOeiospital wells\.at..Oherokee_.2.-..-2.<cs-22--<-2 0. --- 1,350a 343 —150 | 1,200a 
Group of wells between Cherokee and Quimby_-.__-___-_-___- 1,190-1 , 20¢ 100 | +0 to —10 | 1.190 





“More or less. 


CITY AND VILLAGE SUPPLIES. 


Aurelia.—The well which furnishes the public supply of 
Aurelia (population, 625) is 301 feet deep and ends in sand from 
which water rises within 190 feet of the surface, or very nearly 
1,200 feet above the sea. It has been tested at 50 gallons a 
minute. The water is lifted from the well into a cistern from 
which it is pumped into two air-tight tanks and thence distri- 
buted by air pressure through more than a mile of mains to 14 
fire hydrants and 23 taps. A small portion of the people use 
the water, and it is reported that about 6,000 gallons are con- 
sumed daily. 

Cherokee.—About half of the people of Cherokee (population, 
4,884) are supplied from the city waterworks and the other half 
from private wells, most of which are shallow. The public 
supply is obtained from three flowing wells 165 to 200 feet deep, 
situated in the valley and apparently ending in sandy Creta- 
eeous strata. The artesian head is about 1,180 feet above sea 
level. The water is allowed to discharge into an underground 
reservoir from which it is pumped into a standpipe and dis- 
tributed through the mains by gravity. There are 40 fire 
hydrants and approximately 400 taps and it is estimated that 
115,000 gallons of water are consumed daily. 

At some date preceding 1890 a deep well was drilled at Cher- 
okee in the center of the town. The following record is given 
by Todd:* 


~“vrodd, J. E., proc, Iowa Acad. Scl., vol. 1, pt. 2, 1892, p. 14. 
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Old city well at Cherokee. 

















| Thickness. Depth. 
Ry Feet Feet 
Pleistocene, sOr TNO Wis ae a ee a ek er a ee 300 300 
Limestone, *Hghtv blue a 2.5- cen sce ee ee ee ee ee ae ee 400 700 
Shale, “blue, ors0apstone . 222 <0 2 ae tence etn an cae eae ee eee 260 960 


Well No. 1 of the State Hospital for the Insane has a depth 
of 1,070 feet. The curb is 1,338 feet above sea level and the 
head 150 feet below curb. The tested capacity is 60 gallons a 
minute. Water was found at 240, 435, 470, and 725 feet (rising 
within 180 feet of the curb), and from 1,012 feet to the bottom 
(rising within 150 feet of the curb). Date of completion, 1902. 

Driller’s log of State Hospital well No. 1, at Cherokee. 




































Thick- 

ness | Depth 

Feet Feet 
Loam, § DIS@K) seen aan a a a i re a pe ee 4 4 
Olay; light \ yellow »}—22=..--2£4-- 6222. - Soke eee ee ee eee a aie eee 36 40 
Olay, darle yellow 2.5... <2. sano oo pe eo ee 20 60 
Olay, blue-gTay; -eravel -.-..~-2232 2 222 eke ee ee ee en ee ee 20 80 
Olay, light) blues) gravel —-—--.-.-- 8 ee 40 120 
Olay, dark blue). 2-2--~.60_. 5... ea eee 10 130 
Olay, bluée-grayy “gravel “22-0 -- 5.55 ee we carr 30 160 
Clay, dark blue 80 240 
Quicksand 15 255 
Gravel) 222 .46-- eee 5 260 
Quickseamd (car a a a a 10 270 
Clay, gray-blue 10 280 
Olay, pink-and (blue ee nee ee ee ae ee 10 290 
Olay, DlWe- Srey) Sasa a cae er ee ee ee 50 340 
Olay,. dark. blue . 2252 222 a ee ee ee ee 15 855 
Sandrock? S225 552 See Se a ee en ee ee aaa eee 20 875 
Slate. -2. 23 to ee ee eee 10 | . 885 
Slate, pink 15 400 
Gravel.  accccms ns a rr a a i eer 5 405 
Slate, gray (os Stake ee ae i oe Sere eee ee 5 410 
Slate, pink and Yéd)2202) 2s cose ee ee ee eo ee ee ee 20 130 
Limestone, gray <=-22 2 eee eee ee ee ee ee ee eee 20 
Slate, STAY. cs2 Sak sk ee i ere ee een ra oe ee eee 20 470 
TAMOStONG. nnd soso ane se la chances cae ena ee eo ees ee ee a 10 480 
Slate, light 10 490 
Limestone 15 505 
Sandrock | 2.22.5 2-32 o. A ne ce ee es eee eee 5 510 
Slate: Jos sonnel ns i ek ee es eee eee aoe oe eee 15 525 
Sandrock’ =. 5-522. 2053. Se a ee eee 10 535 
Limestone, crevice of 10 feet at 185. feet) 2 ese ee eee 430 965 
Slatee 7 ech soe cS ee ee ee ene eee 50 1,015 
Sandrock: eo nn ee ee eee a a ee ee an en Cae en ane eee 55 1,070 


Shale, soft, crumbling | 
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Record of strata in State Hospital well No. 1, at Cherokee (Pl. VI, p. 310; 
Pl. XVII, p. 1006). 


































Thitk- | Depth. 
ness. 
pee nty (160 feet thick; top, 1,338 feet above sea level): Taek Feet 
WO 2 — eS SSeS Be Coss Se ee eee 1 1 
Clay, pale yellow, calcareous; with sand and small pebbles; a till, 2 samples 20 30 
Clay; as above, with flakes of drab siltlike clay, the dark color disappearing 
Bree WISETO, ots aes we ee ee enn 10 40 
Till, yellow; slightly darker than at 10 feet; calcareous ~---...---..--.---.____- 10 50 
SPaeD EKER PUTT) POG E oo ress ee ee oe as 10 60 
Meemmrcenishi Grab,  CAICATCOUS. ee mee ee eer ee ee 10 70 
oil. 12) 1 CL aie ei es Nasa Ae IE Lis iy Sin tcl ao yh las pe aR ae 10 80 
PARDO Teak Lume nee os Sk re ee ere eS ee 10 90 
Olay, fine, yellow-drab, dense; nodules of lime; limestone pebbles numerous; 
drillings contain pebbles of northern drift, and soft, lignitie coal; 3 samples 30 120 
Clay, drab, dense; reddens before blowpipe; destitute of pebbles; caleareous, 
SSA (Se RE oe ee ee ee eee 10 130 
CUS SOAS GES CP) CE i ee eee 30 160 
Oretaceous (275 feet thick; top, 1,178 feet above sea level): 
Shale, dark drab, gritty; few if any pebbles present; very sightly calcareous; 
in tough cemented masses; 8 samples ~---.-.-..----....---------..------------- 80 240 
PHIMIMCONOT? 10, GTECT-LTRY peer e eee ee eon 15 255 
eePSEOTIG suey CO APSO so G1 10 yt mere tee eee Oe 5 260 
PRUE ONG 7-8 TNO Se VOI Wire ae ree ence ee et re, ee ee on 10 270 
Sandstone, -light gray, fine, argillaceous .......--...---.-.---..---------------_-_ 10 280 
Bua lent eray, noncalearcous, Eritty,)—< .-ces-- acceso ons 2 ee Skee 10 290 
Shale. drab: in molded masses with no cuttings of fiissile shale: gritty, prac- 
tically noncalcareous; less argillaceous than Maquoketa and Pennsylvanian 
ieee LOT SSP ICR a ch ee eee eee eee et ee en eee nee ee 65 355 
Sandstone, light gray, fine; grains but slightly rounded; mostly of clear 
COMBTSEy: IER COE CP eats eile od Me Sa ca Alle aD Sa A ee naires ate ot ee, 20 875 
Sandstone; as above, somewhat argillaceous ~_------.-.-----..--..--..----____--_ 5 380 
Shale, white, highly arenaceous; grains minute; noncalcareous_-----.-__----_~-- 10 
5 9) 
5 400 
mangsrone;, yellow, GOArse,, ATRILACGOUS 2.2 oo = se ek 5 405 
Peele abe AG) SSO LCCC HS eae ee eee ee ee Sabet ct oe ee mnneenchonneeun 10 415 
PRI DOHC TUTLG a «LTO WT) ae omens eee eee ee ee ye re ee ee 10 425 
ice Vink. NONCRICATCOUS: [ess tse oe) ee eon ee ee ee re meno ebon cca 5 480 
ae oe emma” LTO VE ST NY) te ea re ee er ee ee ee aes ence men ces 5 4385 
Carboniferous (Mississippian) (220 feet thick; top, 903 feet above sea level): 
BURDEAPRWLLILG’: | o canes. soe ted cad tatato me os aes eee tae ne See ae eee 5 440 
Limestone, dark and light drab; granular-crystalline, rather soft; rapid effer- 
HR ORICO SEIN. (AK Y CONIDS semesters eee re ee ne eo ceases tee 10 450 
Limestone, gray, argillaceous; minute fragments in the midst of powder; 
iapmesauartzose residue with’ some! chert! 2220225. __ 2. 2.2L le 10 460 
SPO re IIO SE CHIC RTOOUS one pe ae ok oe ee i en tne aaa 10 470 
Limestone, dark drab. hard, crystalline; moderately slow effervescence___-_- 5 475 
Limestone, earthy; light yellow-gray; rapid effervescence; in large flakes____-- 5| ° 480 
Sandstone; grains irregular in form, varying widely in size, mostly of clear 
cuartz, but some of reddish eryptocrystalline silica; considerable shale___. 5 485 
Limestone, light gray, nonmagnesian, fine-grained; much sand and shale; 3 
RUSTE Ee ee ee ee ee a ee eee ae ee 15 500 
PemmsgtOnOs GLANS SUDAN SHIRT Bases ee eee ae on le ee nee se ese 5 505 
Limestone, light yellow and drab; nonmagnesian ~--------------------------_---- 5 510 
Sandstone, gray; grains irregular, mostly qf clear quartz, but some green and . 
ta SE I a aa Pe ee EE RE Se a ee 5 5 
Shale and limestone; large fragments of green shale; small chips of limestone 
rICHGUATIZ) BAD) aaa soos eee ee ee aetna e oon ae oe an Ayer 10 525 
Mandapone, Pays aS at 010 1eeuree rane penne nonce eee ae cn ee eee ee 10 535 
Chert, white, and some light gray nonmagnesian limestone_-__--__------------_- 5 540 
Limestone, light gray; brisk effervescence; soft; with considerable chert; 3 
PEP SAL) 2) C6 I gn Oe pat, Ee 8 a pee pr ee ae a eS ee 15 555 
Limestone, light gray; moderately effervescent ~---------------.---------__---- 10 565 
Limestone, dark drab, argillaceous, soft; in large flakes; brisk effervescence; 
cherty -~-.---.—------—-.------—----—------—-- -o-------- 10 575 
eIOBLONG GAL DYOW!,. CHEM Y tascam a een am ae Sa nan 10 585 
Limestone, dark brown; moderate effervescence; some chert_-_--------_-------- 10 595 
Limestone, grav. chertv: moderate effervescence. __-..._---._.______.___..___ 5 600 
Limestone and chert; drillings largely quartz sand, probably from above------ 10 610 
Limestone, drab; effervescence slow; cherty --.---...-.-.-.-_-.---...-__--.....- 15 625 
Timestone., blue-gray, highly argillaceous —-.-.—-..--2.- =e 5 630 


Limestone, brisk effervescence; granular drillings consist largely of fine quartz 
CA oom certs ES 25 655 
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Record of strata in State Hospital well No. 1, at Cherokee (Pl. XVII). 


























Thick- | Depth. 
ness: 
Feet Feet 


Ordovician: 

Galena and Platteville limestones (360 feet thick; top, 688 feet above sea level)— 
Limestone, magnesian; in fine powder; 4 samples ~-..----__-----_..__-.-__---- 
Dolomite, blue gray; some chert in places; 54 samples____..________.____--___- 
Dolotnitevand  sliaior oe oo oak cones erenenentenee aaa ae 
Shale, blue; 9 samples ~-...---..--_-- Bre eee eee ape 

Saint Peter sandstone (55 feet thick; top, 323 feet above sea level) — 
Sandstone, white: 5 samples: <2. 3.2:5 = oe cee eee 
Sandstone; no samples eee a el oa ee ee eee ae 

Prairie du Chien stage— 

Shale (Shakopee), soft; no samples. 





BS Banks 
= 
= 
or 





Analysis of drilling at 765 feet.* 


CACO gan wacn acceso ene ce nen sana ee area dens ae aes a ae Rae eae 50.29 
MWS COS Nesasee tect a ane eS ccc oe ae ee a cpa ae te 41.47 
S1 Opa on nasa ne asad aden eee ta SS che Sone en ee ame See ee ene See eee 4.92 
Fes0g ee ee ee ee 89 
AsO ga ile nnd Son sss tee estates aa ee ers eae re a ee 67 
ls Oo @ Ree tS penne a eM Ree 3 ee ie ne ep ge ee Ste 2.68 

100.92 


Well No. 2, at the State Hospital for the Insane, located 80 
feet from well No. 1, has a depth of 343 feet and a diameter of 
12 inches; 12-inch casing to 335.5 feet. Water enters between 
330 feet and the bottom. The maximum daily yield is reported to 
be 125,000 gallons. The well was drilled a few months after 
the completion of well No. 1. Its water is said to be much the 
better, but it contains sediment which varies considerably in 
quality from time to time. For weeks together the water will 
remain so clear that it can be used in the pipes and flush tanks 
of the institution without trouble and for all domestic purposes; 
it may then suddenly become so filled with silt as to wear the 
pump leathers and deposit sediment in the flush tanks, and a 
week or two of pumping may be required to clear it. 

Marcus.—The public supply of Marcus (population, 896) is 
derived from two dug wells, each 10 feet in diameter and 20 
feet deep; they seem to furnish an adequate and dependable 
supply. The waterworks include 1 1-3 miles of mains, with 
which are connected 16 fire hydrants and 67 taps. It is esti- 
mated that the water is used by approximately one-third of 
the population. 


8Made in chemical laboratory of Cornell College, Mdéunt Vernon, Iowa. 
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CLAY COUNTY. 


BY O. E. MEINZER. 





TOPOGRAPHY. 


Clay county is bordered on the east by a belt of high land 
characterized by irregular morainic topography, with numerous 
lakes, ponds, swamps, and sloughs. Farther west the surface 
is more gently undulating and somewhat better drained. 

Little Sioux river flows irregularly southward through the 
central part of the county; after crossing the southern boundary 
it turns northwestward, reenters the county, and cuts across the 
southwest corner. Its valley is wide and shallow in the north, 
but becomes deeper and narrower downstream. 

The highest parts of the county are along the east and west 
margins, where the genera] altitude is between 1,400 and 1,500 
feet above sea.level; the lowest point is where the Little Sioux 
crosses the west boundary, below the village of Peterson, at an 
altitude of scarcely more than 1,200 feet. 


GEOLOGY. 


The surface deposits of Clay county comprise outwash 
materials and bowlder clays. The outwash materials consist 
of stratified gravel and other sediments. They occur along 
Little Sioux river and are well developed in the vicinity of 
Spencer. The bowlder clay, which has an average thickness of 
several hundred feet, is yellow and gravelly near the surface 
but denser and darker at greater depths. Interbedded with it 
> are a few lenses of sand and gravel. 

Beneath the bowlder clay there is a stratified series of soft 
shales, limestones, and sandstones of probable Cretaceous age. 

The following is the driller’s log of the deep well of D. C. 
White: 
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Section of deep well of D. C. White at Webb. 








| Thickness. |Depth. 








Feet Feet 
Clay, acaiet CC fer cee asian on ek oe ee ee ee 40 


Olay, bine ws2ec 2a oe sk es ee ee eee 145 185 
Band ncnnctisces eee nn pica Lee eg ey 8 af 
Olay, Dlu@ a2 Sse a ah a i ee eee 38 728 
Clay; Yellow see ee Se een ed cn nS ee oe te eee eee ee 34 260 
Olay, dark blue e223 oe en a a ee 90 350 
Clay, light nee and (sand ’<...-..--3.2- ee ee eee 97 447 
Quicksand and gravel fi etc Sales ie Sete ce eee pee ae el ee 4 451 
Limestone: and sandstone 2.22... 2 2 ere al ee cee eee 99 5AO 
Soapstone. : 





UNDERGROUND WATER. 
SOURCES. 


The horizons from which water is taken may be grouped as 
outwash sands and gravels, surficial portions of the glacial 
drift, sand and gravel deposits in the deeper portions of the 
drift, and Cretaceous sand strata. 

In the valley of Little Sioux river, and also in a rather ex- 
tensive low-lying area associated with Little Sioux and Ochey- 
edan rivers east of Spencer, outwash deposits furnish an abun- 
dant and permanent water supply to very shallow driven wells. 
Elsewhere most of the supply is obtained from shallow wells 
bored or dug into the upper part of the unstratified glacial 
drift, from which they receive seepage. 

The drilled wells, which constitute a very small percentage of 
the total number, are supplied from deeper horizons that prob- 
ably belong to the drift, although the sections of only a few 
wells were obtained. In depth they range from less than 100 
feet to at least 550 feet. In the Little Sioux valley, especially 
in the lower portion, the water in these wells rises nearly to 
the surface, but on the uplands it remains at considerable 
depths. Thus in the village well at Peterson, situated in the 
valley, the water comes within 30 feet of the surface, whereas 
in the deep well of D. C. White at Webb it stands 180 feet be- 
low the surface, though in both wells it rises to approximately 
the same level, about 1,200 feet above the sea. 
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The deepest water-bearing formations have not been reached 
by the drill, but successful deep wells have been sunk at Emmets- 
_ burg and Mallard, about 12 miles east of the east boundary. 
(See pp. 1071 and 1072.) In Clay county the head of the water 
from these deep formations would probably not be higher than 
in the deepest wells already drilled. At Spencer the surface 
elevation is 1,315 feet above sea level and the deep water would 
probably not rise higher than 1,200 feet. 


CITY AND VILLAGE SUPPLIES. 


Peterson.—The village well at Peterson (population, 480) is 
90 feet deep, the last 20 feet being in sand and gravel. It is 
pumped at 20 gallons a minute and is giving satisfactory ser- 
vice. The water is lifted into a surface reservoir on the top 
of the valjey cliff and thence distributed by gravity. There is 
a small system of mains with five fire hydrants and 20 taps. 
The average daily consumption probably does not exceed 1,500 
gallons. 

Spencer.—The public supply of Spencer Per 3,005) 
is obtained from three 16-foot wells, one 40 feet, one 16 feet, and 
one 8 feet in diameter, dug in outwash sand and gravel. The 
wells will fill within 5 feet of the top and furnish 1,000 gallons 
of water a minute. The water is pumped to an elevated tank 
and distributed through 4% miles of mains to 21 fire hydrants 
and about 200 taps. Approximately 1,000 people are si yuras 
and 100,000 gallons are consumed daily. 


CRAWFORD COUNTY. 
BY W. J. MILLER. 


TOPOGRAPHY AND GEOLOGY. 


Crawford county lies just west of the Iowa divide and its 
principal drainage slope is toward the southwest. The surface 
is made up of low rounded hills, the rolling contours being some- 
what more pronounced in the western portion than in the east- 
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ern. The region is thoroughly dissected by many branching 
streams, the largest of which, Boyer river, flows across the 
county from northeast to southwest. Soldier river and its 
branches flow across the northwestern part. 


Both the loess and the Kansan drift are well represented, the 
combined thickness on the Iowa divide being 450 to°550 feet, 
much above the average for the state. Both the loess and the 
Kansan are spread over the entire county. Over much of the 
county the Kansan drift rests on rocks of Cretaceous age, chiefly 
sandstones. In places, however, heavy limestones, probably of 
Missouri age, immediately underlie the glacial deposits. Ex- 
cept for variations in the thickness, the drift deposits are hor- 
izontal. The Cretaceous rocks probably dip slightly westward; 
the older rocks lie nearly flat or dip slightly eastward. (See 
Pl. XJ, p. 458.) 


UNDERGROUND WATER. 


SOURCES. 


The water supply of Crawford county is largely obtained 
from shallow dug wells and the supply in general is not alto- 
gether satisfactory, because many of the wells are affected by 
the seasons and fail altogether in times of extreme drought. 


There are two important water horizons in the drift deposits. 
One is found in sand or gravel just below the loess and is © 
reached by wells that range in depth from a few feet to 75 feet, 
depending on the thickness of the loess; this is the so-called 
‘‘first water’? level. The second horizon is found in sand or 
gravel just below the blue clay of the Kansan drift. Though 
much more satisfactory than the first, comparatively few wells 
extend to it, as it les 140 to 500 feet below the surface, the 
greater depth being in the eastern portion of the county. Wher- 
ever tapped, however, it yields a never-failing supply. A few 
wells obtain a good water supply from local layers of sand or 
gravel within the blue clay, but as a rule these layers are either 
dry or yield little water, and in some of them the water is so 
heavily charged with decomposing organic matter as to give off 
a disagreeable odor. 
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A few wells have passed through drift deposits into the un- 
derlying Cretaceous sandstones or Missouri limestones. Most 
of the deeper rock wells are in the eastern part of the county. 


SPRINGS. 


Springs are not common in this county. Small springs or 
seepages from the drift are found along the chief stream 
courses. 


CITY AND VILLAGE SUPPLIES. 


Denison.—Denison (population, 3,133) draws its supply from 
two wells 25 feet deep, which it pumps by steam, delivering the 
water by gravity from a standpipe with a pressure of 45 to 90 
pounds. There are 644 miles of mains, 42 fire hydrants, and 
600 taps. - Three thousand people use the water, consuming 
98,000 gallons daily. The supply is apt to run short in dry 
weather. 

According to Norton, any deep well forecast for Denison must 
be based on the supposed gerieral succession of formations 
deeply buried below the surface and pierced by no wells within 
scores of miles. Whether the Saint Peter sandstone extends this 
far west is uncertain though probable. The drill may be ex- 
pected to pass first through heavy Pleistocene deposits of stony 
clays and sand and gravel beds and through heavy Cretaceous 
and Pennsylvanian shales with some sandstones; below these 
beds it will find Mississippian limestones, probably in part 
cherty. These limestones may be expected to rest on dolomites 
of uncertain age, accompanied by much argillaceous limestone 
and considerable shale. It is quite possible that the shale of 
the Platteville will be found to rest directly on the arenaceous 
dolomites of the Prairie du Chien stage at about 200 feet below 
sea level; or the latter may be absent and the Ordovician sand- 
stones may not be found higher than about 1,350 feet from the 
surface. From a level about 1,350 feet below the surface the 
drill will very probably pass through several hundred feet of 
sandy dolomites and sandstones which carry water; and a well 
1,500 or 2,000 feet in depth is not likely to fail of moderate 
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Success. 


should rise within pumping distance. 
Minor supplies.—The following table summarizes minor vil- 


lage supplies. 


Minor supplies. 
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Nature of 


City or town supply 


hep 40 feet 
deep. 


Charter Oak_. 
and 1 dug 
well (22 feet 
deep). 


Dow City----- Dug well -.--.. 


Manilla 
Schleswig 


2 wells 64 and 
68 feet deep. 

-.--| Dug well 30 

feet deep. 





Vail _.--.-.---.| 8 driven wells 
and 2 dug 
wells 30 feet 
deep. 


10 driven wells) 














Water will not flow from these deep formations but 


Pres- bod la 
eure ses & 
& &| 5 
Pumping poLce . ° e a Bl a 
system Distribution 3 ee a S Remarks 
@ Z| &| o| S| Be 
8 o] -! S| a] Bi ao 
oOo} BH S| b ai a] Ss 
A| ms] oO] al aya 
Ibs. |Ibs 
Gasoline engine_|Gravity from} 100/100) 43/(?)|(?)|---|------ Good 
reservoir on supply 
high hill. 
Steam pump, Gravity from|50-60| 90/2 |.--}.-- 800|__...-|Good 
duplex. tank. supply. 
Gasoline engine-_| Direct FY Sed ee ee t}-~}.--|-scteeeee ae 
pressure. recently 
installed 
Steam pump,|Gravity from|25-40|.../2 | 26) 65/300) 9,000|Good 
compound. tank. supply. 
Gasoline engine-|D irect air] 70|100/1 8} 40/150/18,000|/Shortage 
pressure. in dry 
weather 
Gasoline engine|Gravity from| 65]... |1.7| 22] 80/200/8,000-|Good 


and windmill. tank. 


WELL DATA, 


10,000} supply. 


The following table gives data of typical wells in Crawford 














county : 
Typical wells of Crawford County. 
a4 ry 
2 a 5 
° 3S a Remarks: 
Owner Location 2 2 2 2 i (Logs given in feet) 
~~ ~~ ko} 
S| S| 82 | 88 
A =) n en] 
Feet | Feet Feet 
G. Schelon -..-.| ‘miles south of| 104 |_-----| Grave] .......|— 46 |Dug well. No rock. 
Charter Oak. ' 
H. Planggie ...|3 miles west of] 104 |__--_-| _... do ----..|— 72 (No rock. 
Charter Oak. 
Chas. Reynolds}8 miles west of} 325 |___.--|Sand --__-..._|—265 {Abandoned on account of 
Dow City. quicksand. Yellow loam 
(water toward bottom), 
45; bluish black clay (bad 
odor), 50; blue clay, 216; 
“hardpan,” 4; sand 
(water), 10; no rock. ‘ 
Mr. Dunham --}14 miles north-| 264 |__-_- Sand and —224 |No rock. 
west of Dunlap gravel, 
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Typical wells of Crawford Oounty—Continued. 
































“ ro 
5 a Es 
*. ao) S R ks 
F fo) ° o emarks: 
Owner Location - 4 g ne (Logs given in feet) 
=| 8 Ba | 88 
(a) QA n en) 
W. Butterworth| Dow City ------. Ay Ses | sana (ae et —76 Do. 
McCaffrey Bros.|6 miles north of| 662 | 350 | Sandstone -_./—365 |Yellow loam and blue clay, 
West Side. 35; sand and blue clay, 
45; sandstone, limestone, 
sandstone (water), 312. 
Henry Munt -..| Denison -------.. 1805 cca Shek Cs [ee nega |S ee Unused on account of lack 
of water. No rock. 
Jonathan Miller} 7 miles northeast) 492 | 460 | --------------- |------. Loess, 20; till, bowldery, 55; 
of Denison. blue clay, bowldery, 385; 
Sw.% sec. 16 limestone, blue-gray, 30. 
Milford Tp. 
D. O. Franklin mane east of| 404 380 |Sandstone --.|; 30+/Sandstone at 380 feet. 
enison. 
J. Barnhoff -=--| 44 miles south-| 572 | 652 |-.--. do ~~---.|—360 |Loess, 20; clay, blue and yel- 
east or Vail. low, pebbly, 80; blue clay, 
100; “potter’s clay,” 350; 
. : sandstone, gray, 22%. 
George Span -.-|6 miles morth-| 85 |__---- Sand -_-------|— 85 |Water has bad odor. Auger 
west of Deni- was lifted by water. No 
son. rock, 
TN 9) rd Manillaz = eee (— 68, [e222 Gravel and |— 12 |Pumped by steam. No rock. 
sand. 
Clayton Baker-|4 miles north of} 515 |------|_... do -----. —260 |Yellow clay, 75; sand (water) 
Manilla. 2; blue clay and pebbles, 
408; “hardpan,’”’ 20; sand 
and gravel (water), 10. 
One of the deepest drift 
wells in Iowa. No rock. 
Henry Naeve ---| 1 mile east of| 393 |_---_. Sand --_-_._..|—323 |No rock. 
Schleswig. 





~DICKINSON COUNTY. 


BY O. E. MEINZER. 





TOPOGRAPHY AND GEOLOGY. 


Dickinson county is wholly drift-covered. Its topography 
ranges from gently undulating in some localities to irregularly 
morainic in others. The surface is imperfectly drained, and 
the county contains several large lakes, such as Spirit, Okoboji, 
and Silver lakes, besides innumerable smaller lakes, ponds, and 
swamps. According to railway surveys the altitude is 1,469 
feet above sea level at Lake Park, 1,413 feet at Spirit Lake, 
1,441 feet at Milford, and 1,417 feet at Terrill. 
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The glacial drift is so thick in this region that the drill has 
very seldom reached the soft blue shale and white sand of the 
Cretaceous upon which the drift is supposed to rest in all parts 
of the county. In the following approximate section of the 
deep well drilled for the Chicago, Rock Island & Pacific Rail- 
way at Lake Park the drift probably extends to the depth of 
250 feet: | 


Section of deep railway well at Lake Park. 











Thickness. Depth. 





Feet Feet 
Soil, yellow clay, blue clay, black and yellow clay .-......-___-__-_.__-__2_- 2s 


Shale, clay; ‘sand, te. Sees en ec ee a ret ee 











UNDERGROUND WATER. 
SOURCES. 


The outwash deposits have small distribution but exist to 
some depth in the valley of the Little Sioux, where they are 
filled with excellent water that is recovered chiefly by means 
of driven wells. On account of the lack of drainage the upper 
part of the drift is usually saturated nearly or quite to the sur- 
face, and hence most of the wells are very shallow. At some 
distance below the surface the bowlder clay is compact and 
impervious, but at certain horizons it includes sand and gravel 
that are charged with water under pressure. The wells that ex- 
tend to these artesian aquifers have a much more copious and 
reliable supply than the shallow seepage wells. 

In the deepest wells, especially in those which penetrate the 
stratified formations below the drift, the artesian pressure is 
not sufficient to raise the water near the surface, and the pumping 
lift is therefore much greater than in the shallow seepage wells 
or in the wells that stop in deposits of sand and gravel at 
depths of 100 to 200 feet. At no point in the county are there 
prospects of obtaining flows by deep drilling, the water from 
deep sources probably everywhere remaining far below the sur- 
face. Conditions in wells in surrounding counties make it im- 
probable that water will rise higher than 1,200 feet above sea 
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level, which would be between 200 and 300 feet below the sur- 
face in most localities. | 

In the deep well at Lake Park, the section of which is given 
above, the water is reported to stand about 300 feet below the 
top of the well, or about 1,170 feet above sea level. This well - 
is unsatisfactory because the head is low, the water is highly 
mineralized, and fine sand enters the well and impairs the pump. 
The water is not used in locomotives. 


CITY AND VILLAGE SUPPLIES. 


Lake Park.—The waterworks in Lake Park (population, 552) 
consist of an air-pressure system with about half a mile of 
mains, nine fire hydrants and eight taps. The two wells upon 
which the system depends are both unsatisfactory. One is six 
feet in diameter and fifty feet deep and has a yield which varies 
greatly with the season, but is always small. The other is a six- 
inch drilled well that ends at 98 feet in fine sand which tends to 
clog the screen and thus shut out the water. At the time the 
plant was visited the maximum combined yield of the two wells 
was very small. ° 

Spirit Lake.—The city well at Spirit Lake (population, 1,162) | 
ends at about 100 feet in a bed of fine sand from which the water 
rises within 50 feet of the surface. This well furnishes the entire 
public supply, but when pumped at 300 gallons a minute it soon 
shows signs of exhaustion. The water is lifted into a surface 
reservoir from which it is forced by direct pressure through 
114, miles of mains. There are 15 fire hydrants. A considerable 
portion of the people are supplied from this source. 

Spirit Lake is 1,413 feet above sea level. According to Nor- 
ton, after passing through the thickened drift of the moraine on 
which the town is situated, the drill will encounter shales and 
then enter sandstones of the Cretaceous, from which a large sup- 
ply of water may be drawn. Should it be thought advisable to 
sink the well deeper dolomitic limestone will next be encoun- 
tered, and at a depth of 600 to 700 feet the Saint Peter sandstone 
may be expected. A six-inch well 700 or 800 feet deep will test 
the capacity of this sandstone ,and if the yield is inadequate it 
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can then be determined whether a sufficient increase can be ob- 
tained by reaming the hole to 8 or 10 inches, whether the well 
should be sunk deeper in exploration, or whether a small group 
of six-inch wells, of 700 or 800 feet depth, would be preferable. 
The water of the Saint Peter should be of excellent quality, be- 
longing to the calcic-magnesic alkaline class but containing no 
large amount of mineral matter. 


EMMET COUNTY. 





BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


Most of Emmet county consists of a gently undulating and 
poorly drained drift plain interspersed with numerous lakes and 
ponds. West Fork of Des Moines river flows through the west- 
ern part, where it has developed a rather wide flood plain. West- 
ward from this river the altitude increases rapidly and the 
topography becomes irregular and morainic. 

The surface formation consists of glacial drift, except in the 
valley of the Des Moines, which is partly filled with outwash and 
alluvial deposits. Beneath the drift is a thick series of shale, 
sand, and sandstone which is not known to outcrop in the county 
and whose age therefore remains a matter of conjecture. It is 
probably Cretaceous, but may be in part older, and it rests upon 
a limestone formation which is believed to belong to the Missis- 
sippian series. 

The general character of the Cretaceous (?) shale and sand- 
stone is indicated by the driller’s logs of the well on the prop- 
erty of Mrs. Allen, in Estherville, and of the village well at Ring- 
sted. 
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Section of well of Mrs. Allen, Estherville. 





























Thickness. jDepth. 
Feet Feet 
RITA V OM etec te ots a hee am cae ac en acencmen as asecarnauacwaccmasteiaaanstasansnatinsneee 15 15 
OLE wa LTE EE Ts US ee ee ee ee ee 195 210 
EAS 4 ie RS SS SS Sat a ee eS ee Keen me rq 287 
TESTS TLC Va CARE Cat d "ee ee 0 ee ee ee 3 287% 
Sandstone, white (entered). 
Section of village well at Ringsted. 
| Thickness. |Depth. 








i Feet Feet 
OUT ST oe ey aie Ses pie a pe ya spel eS RE 2 RUE, SE Se ee 147 147 


BSR IA I BETICLY, oon ke ree tee on a oe on eran enon een adesoneeca sone Sean sas 150 
eG DEERME T OP gl a a eS ee 2s 10 160 
Cy SCI ea pe a ae ee 38 198 
May CTR IITA Rye on eae ey he eps ER ee A a ee ee ee 42 240 
TI TI BY 1G fo orc eek eee red mn eaten eer em esas ee eetarenscasewann 60 300 
aS PE EEL OG a i eee eee anne hoes Sencacancsmaeseeeanenwe sapere mea! 12 812 
SO Ges TP be ee ee ee eee ee =e 8 320 
Shale, SANGY ana a ni nn nn oe nn ne ne ee nnn = 44 364 
Limestone (entered) .——-.......-.-_----—-_.----.---=---+------ === -=---- 2-22 -=- 136 500 








In the Estherville well the formations recorded below a depth 
of 210 feet are probably Cretaceous; in the Ringsted well the 
Cretaceous apparently begins at a depth of 147 feet. The lime- 
stone in the Ringsted well is undoubtedly Paleozoic and is prob- 
ably Mississippian. 


UNDERGROUND WATER. 


SOURCES. 


The water supply of this county is derived from outwash and 
alluvial sands and gravels, glacial drift, sand and sandstone 
strata (Cretaceous?), and limestone (Mississippian?). 


The outwash and alluvial sands and gravels, which are prac- 
tically restricted to the valley of Des Moines river, are very 
porous and are so situated that they are filled with water nearly 
to the surface. Hence they constitute a very accessible source 
of supply and are tapped by numerous driven wells. The condi- 
tions, however, are such that contamination may easily occur, 
especially in a large settlement such as Estherville. The water 
is somewhat less mineralized than that from other aquifers. 


1044 UNDERGROUND WATER RESOURCES OF IOWA 


Outside of the valley of the Des Moines the water supply is 
drawn chiefly from the glacial drift, though some of the deep- 
est wells extend into the underlying stratified formations. The 
drilled wells differ greatly in depth and also in the height to 
which the water rises. In the vicinity of Estherville they range 
in depth from less than 100 feet to at least 446 feet, 160 feet 
perhaps being an average; in the vicinity of Gruver they range 
from 75 feet or less to 275 feet or more, most of the wells near. 
Ryan and Swan lakes being less than 100 feet deep and those 
near the village of Gruver averaging deeper; in the vicinity of 
Armstrong they range from about 75 to 250 feet, 135 feet per- 
haps being an average. In many of the two-inch tubular wells 
much trouble is caused by the incrusting of the sand screens, 
but this difficulty can be largely overcome by drilling wells of 
greater diameter and using independent pumps. (See p. 219.) 

In the Allen well at Estherville the water rises within 120 
feet of the surface, or approximately 1,180 feet above sea level, 
and the well has been pumped at about 30 gallons a minute. In 
the deep well at Ringsted the water rises within 76 feet of the 
surface and is not greatly lowered when pumped at 40 gallons 
a minute. It is reasonably certain that below the limestone 
penetrated in the Ringsted well are older sandstones which 
would yield large amounts of water that would rise to a level 
1,100 to 1,200 feet above the sea, but would probably not come 
nearer the surface than the water in the deepest wells that 
thus far have been drilled. 


CITY AND VILLAGE SUPPLIES. 


Armstrong.—The village well at Armstrong (population, 
586) is 160 feet deep and ends in a bed of fine sand. The wa- 
ter stands 68 feet below the surface, or 1,172 feet above the sea, 
and pumping at 50 gallons a minute is reported not to lower 
it greatly. It is lifted from the well into an elevated tank from 
which it is forced by gravity through one mile of mains to 24 
fire hydrants and about 40 taps. It is estimated that about 
200 people are supplied and 7,000 gallons of water are con- 
sumed daily. The rest of the population depend on shallow 
private wells. 
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Estherville—The people of Estherville (population, 2,404) 
depend for their domestic supplies on private wells, most of 
which are shallow. The public supply is taken from the river 
and is not considered safe for domestic uses, though it is em- 
ployed in large quantities for other purposes. There is 
a rather extensive system of mains with 24 fire hydrants. The 
pressure is applied directly by the pumps. . 

According to Norton a deep well at Estherville (elevation, 
1,287 feet) would reach the base of the Cretaceous at 300 to 
400 feet from the surface and would then enter Paleozoic dolo- 
mites. From these it would pass into the heavy blue and green 
shales ef the Decorah and Platteville formations. The Saint 
Peter sandstone should be reached about 800 feet above sea 
level, or about 500 feet below the surface, but it may lie 100 
or 200 feet deeper. In exploration the well may be drilled 
a few hundred feet deeper than the above estimate but should 
be stopped when the drill strikes heavy glauconiferous shales 
indicating the Saint Lawrence horizon, the Algonkian (?) red 
shales, or crystalline rocks, such as granite, quartzite, or 
schists. 

Ringsted.—The waterworks in Ringsted (population, 313) 
consist of an air-pressure system. Water is obtained from the 
- deep well already described (p. 1043). Most of the people still 
use private wells. | 


IDA COUNTY. 





BY W. J. MILLER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


Ida county, lying well west of the flat country of the Wiscon- 
sin drift, is characteristically hilly, the western portion being 
a little more rugged than the eastern. The region is thorough- 
ly dissected by many branching streams. The principal one, 
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Maple river, enters from the northeast and leaves at the south- 
west. Little Sioux river cuts across the extreme northwest 
corner and Soldier river rises in the southern part. 

The Kansan drift extends over the whole county and is com- 
pletely covered by the loess. The total thickness of these two 
formations is unusually great, being in places almost 500 feet. 
The drift rests directly on rocks of Cretaceous age. 

Except for local variations in thickness the drift deposits 
lie nearly horizontal. Of the underlying rock formations the 
Cretaceous beds are thought to dip noticeably to the west; the 
still older rocks are nearly horizontal or show a slight easterly 
dip. (See Pl. XVII, p. 1006.) 


UNDERGROUND WATER. 


SOURCES. 


The most clearly defined water horizon is at the base of 
the Kansan. The source of the water in many wells, however, 
is within the loess. Very little can be said about the water of 
the older rock formations, as but one well is known to extend 
into them. 

So far as existing wells are concerned, the most important 
source of water in the county is either within the loess itself 
or in sands or gravels at its base. By far the greater number 
of farm wells in Ida county are dug and are only from 15 to 
30 feet deep. A few bored wells reach a depth of 50 to 100 
feet. The dug wells are especially likely to be unsatisfactory 
in very dry seasons, because their water often either greatly 
diminishes or fails altogether. 

Although but few wells in the county reach it, the most per- 
sistent and satisfactory aquifer at a moderate depth consists 
of the sands or gravels at the base of the Kansan. The avail- 
able well records indicate that this aquifer lies 300 to 480 — 
feet or more below the surface and seldom fails to yield a 
large supply of good water. Locally good supplies of water 
are obtained from sand beds in the blue clay. The well at 
Holstein (2,004 feet deep) is the only one known to enter the 
older formations to any extent. 
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‘SPRINGS. 


Springs are of little consequence in Ida county, though small 
seepages occur here and there along the low valley lands. 


CITY AND VILLAGE SUPPLIES. 


Battle Creek.—The town water supply of Battle Creek (pop- 
ulation, 527) is taken from 10 drilled and driven wells, ending 
in gravel at depths ranging from 42 to 48 feet. The wells yield 
a good supply of medium hard water which is distributed by 
gravity (domestic pressure 35 pounds, fire pressure 80 pounds) 
through somewhat more than a mile of mains to 30 taps and 13 
fire hydrants. About 150 people use the city water. The daily 
consumption is estimated at 6,000 gallons. 

Holstein.—The city well (Pl. XVII) at Holstein (popula- 
tion, 936) is 2,004 feet deep and is 8 inches to 4 inches or less 
in diameter; it is cased with 8-inch pipe to a depth of 387 feet, 
5-inch pipe to 722 feet, and 4-inch pipe to 1,465 feet. The orig- 
inal head was 270 feet below the curb; in 1908 the head was 
300 feet below the curb. When drilling reached a depth of 
1,500 feet a 26-hour test pumped 75 gallons a minute without 
lowering the water; on completion the well yielded 60 gallons 
a minute; in 1908, 75 gallons a minute. Water came from 390 
feet in quicksand, from 1,200 feet, and from ‘‘below 1,500’’ 
feet; at 390 feet it stood 200 feet below the curb, at 900 feet 365 
feet below the curb, at 1,590 feet 325 feet below the curb, and 
on completion 270 feet below the curb. The well was put down 
by J. P. Miller & Company of Chicago, in 1897. 

The water is pumped to a steel tank and is forced under 
gravity pressure of 40 pounds (domestic) or 100 pounds (fire) 
through 2% miles of mains to 53 taps and 19 fire hydrants. 
The city water is used by about 300 people. The daily con- 
sumption is estimated at 9,000 to 12,000 gallons. The water is 
hard. 
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Record of strata in Holstein city well, based on driller’s log (Pl. XVII, p. 1006). 














ee ww ow oe oe on on on re oo on oe ow no os on ow rw oe eo enn en ee sees ee eesessss= 


Clay 
Quicksand,” 23.2577 © Pe ee ee ee eee cee ae 
Oarboniferous: 
Pennsylvanian (?)— 
ale) 2a no ed bane ence econ enenee treeee a eae Some 
Mississippian (?) and Devonian (?)— 

Limeston@ a osd. aoa a conte ted ae ee Oe nes Saanlas Weanen. tee een ere 

Shale” 2 iawn 3 oe ee eee ee ee eee eee 

LimestGne 1 66225. o- ooo Se ad Sct owe pak eee ae ee eee ee 

No'samples}' limestone: 2.S2 so a ee eee 

Ordovician: 
Galena dolomite to Platteville limestone— 

Dolomite, gray; much chert and some rounded moderately coarse grains 
of«< quartz sand =..03.23e ee ee re ee eee 

Noi Samples; limestone <(2) oe see ene ae eee 

Limestone, magnesian, or dolomite; brown, with about 2 feet of red 
shale at 1,300 feet; shale noncaleareous, highly arenaceous, with 
coarse, imperfectly rounded grains of limpid quartz__--.-._---_-____-___ 

No {Sample 2225 Shee ee ee ee ae oe ae a ee ene eee eee 

Shale, dark greenish gray, slaty, noncaleareous; caving badly after 
drill had penetrated the underlying sandstone__.....-.-..--.-.-...-____ 

Saint Peter sandstone— 

Sandstone; described as white, clean, very soft, and caving; called 

by vdriller ‘Saint: Peter2:222 2 Sse ee ee eee 
Prairie du Chien stage— ‘ 

Limestone (?), marly, arenaceous; described by driller as a‘‘sandy 
rock which wears the drill’; sand grains brought in slush bucket; 
other drillings very light and float up on water; rock drills about 
1? footc;an’ hour and, does not cave = eee 


Thickness. 


Feet 


35 


Shale, red; ‘fat about 1,520 red marl was coming in and could not tell]. 


much about the formation from there down to 1,890 feet. as it was 
caving very badly all the way, and caved more or less from there 


down! ‘to °2,000° feet?’"__-<__- 25h oes es ee 


Sandstone; fine-grained, blue-gray, dolomitiec cement_-.-_..........-__.. 
Sandstone and dolomite; quartz sand, considerable red shale and some 


green shale from above, and a little gray siliceous dolomite___-______|_____-______ 


Chert, dark reddish brown, ferruginous; in small chips, slightly aren- 
aceous, with minute particles of crystalline quartz; as similar chert 
and reddish argillaceous powder are found in nearly all the drillings 


below, this may have fallen in from”! 5202. 2-20 22. eee 


Sandstone and chert; sandstone, fine--grained, in detached grains of 
clear quartz; many imperfectly rounded and minute white cuttings, 
showing quartz particles in dolomitic cement; chert dark, brown, 


ferruginous, .dolomitic: ~.2i5 2-2 ee a ae oe 


Marl; in buff, slightly concreted masses; dolomitic, arenaceous, and 


argillaceous; quartz grains moderately fine; many impertectly| 


rounded; red chert, as above, with a few chips of yellow siliceous 


GOlMOMICE ase See neon eeenine an ee cee ee ne | ae 


Shale; blue;. plastics. Calesreouss ee 22-5 oe eee ee 
Marl: chiefly quartz sand, with dolomite, yellow-gray, and white, 


soft, glauconiferous; some red chert_-___- JS UE Oe aes Se ee 


Marl, gray, -dolomitic, 3-222 oe ee eee eee eae ee 


Shale, blue, plastie; caleareous: sess e- 0 oo Be sak ee oo ee ee ne eee 


Dolomite, gray, highly siliceous; microscopic particles of crystalline 


quartz, glauconiferous; Considerable fine quartz sand_-_-------__----|---..------- 
Marl or ‘calciferous ‘argillaceous, sandstone==------- . eel ee 


Dolomite, hard, dark gray, saccharoidal, possibly from above__ 





Marl; “arenaceOus: <2 -5.~ wo Soca Bene eee ea ee oe een a See ee Oe | 





Shale, blue, calcareous, slightly glauconiferous, minutely quartzose___- 
Shale, green, hard, fissile, slightly caleareous___-_.------._--__---------- 
Dolomite and shale; dolomite, saccharoidal, mottled greenish gray and 

pink, interlaminated with hard green calcareous shale; quartzose 


and glauconiferous, in large chips.o-<2222--2... eee 


Marl, arenaceous, with fine rounded grains;. chips composed largely 
of quartzose particles »> "25-2 Senso eee ene eno e eee 
Oambrian (?): 
Dresbach (?) sandstone— 
Sandstone, yellow, saccharoidal, soft; rounded grains of about 0.5 
millimeter ee eee ea ee nee aa eee eee ae re eee 





41 





Depth. 








1 





Feet 
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Ida Grove.—TIwo wells, each 24 feet deep, furnish Ida Grove 
(population, 1,874) with a fairly good supply of hard water. 


The water is pumped by steam and is distributed by direct 
pressure (70 pounds domestic and 125 pounds fire) through 134 
miles of mains to 200 taps and 20 fire hydrants. About 700 peo- 
ply use the city water. The daily consumption is estimated at 
45,000 gallons. 

The success of the deep well at Holstein, 10 miles north of 
Ida Grove, is distinctly encouraging. The succession of rocks 
is probably the same at both places, but any given formation or 
water bed may be expected to lie about 100 feet deeper at Ida 
Grove than at Holstein. Thus at Ida Grove (elevation above 
sea level, 1,225 feet) the Saint Peter sandstone will be found 
at about 100 feet below sea level, or 1,325 feet below the sur- 
face. The drill may fail to strike the water vein reached at 
Holstein at 259 feet above sea level in Galena dolomite, but 
it may find other water-bearing crevices in this formation. 
Sufficient water may probably be found about 300 feet below 
sea level (somewhat more than 1,500 feet below the surface), 
but if not, drilling may be continued to about 1,900 feet to tap 
the lowest sandstone found at Holstein. The fact that Ida 
Grove stands more than 200 feet lower than Holstein not only 
brings the deep formations somewhat nearer to the surface, 
but also gives a higher head to the artesian water, which 
should come within 50 or 100 feet of the curb. In quality the 
water may be expected to be rather high in sulphates, but to 
be well within the limits of potability. The waters found above 
700 feet should be carefully tested for quality, and possibly 
should be cased out on account of excessive mineralization. 
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WELL DATA, 


Information concerning typical wells in Ida county is pre- 
sented in the following table: 


Typical wells of Ida County. 

















ry 
a Es 
Ge aS 
Owner Location 3 Remarks 
Fo} oO oe 
— La) b> al 
Q 3 oe Ss 
oa om Vo 
A on) an) 
.| Feet Feet 
Mislow Bros. --.-. a east of Ida 210 poh and 160 |No rock. 
rove. sand. 
M. Martin --......-/4 miles southwest 115 222 dos 40 tbat bed at 81 feet. No 
of Ida Grove. ock. 
A. Harper --.....- 2 miles southeastof| 215 |_...do----| 115 Black loam, 4; yellow clay, 
Ida Grove. 40; sand and clay and 
: some water, 70; gravel and 
water, 3: yellowish clay 
and sand, 85; gravel and 
water, 18; no rock 
W. K. Van Wayne.|4 miles north of $00 ls dow =e ees No rock. 
Ida Grove. 











LYON COUNTY. 


BY O. E, MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


Lyon county is much better drained than the counties far- 
ther east. The gently undulating upland, whose general alti- 
tude is more than 1,400 feet above sea level, is somewhat dis- 
sected by water-courses that lead to Big Sioux river, which 
forms the west boundary of the county and occupies a well- 
defined valley about 200 feet deep. 


The following geologic section is revealed in outcrops and 
wells: | 

Glacial outwash and recent alluvium (in the valleys). 

Loess (on the uplands). 
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Glacial drift. 

Cretaceous shales and impure limestones. 

Cretaceous sandstone (Dakota). 

Sioux quartzite. 

The Cretaceous formations outcrop in Big Sioux valley 
south of Lyon county and are penetrated in many drill holes 
in this county. The Sioux quartzite outcrops in small areas 
in the extreme northwestern part of the state and probably 
underlies the entire county, though its surface is so irregular 
that within a short distance from an outcrop it may lie sev- 
eral hundred feet below the surface and hence it is not gen- 
erally encountered even in the deepest wells. 


UNDERGROUND WATER. 


SOURCES. 


On the uplands the shallow wells end in glacial drift, the 
depth to the Dakota sandstone is relatively great, and the wa- 
ter from all deep formations remains far below the surface 
when tapped by wells; in the valleys the shallow wells end in 
alluvial and outwash sand and gravel, the depth to the Dakota 
sandstone is not great, and the water from deep sources rises 
nearly to the surface. The valleys include only a small portion 
of the total area and grade into the uplands along the minor 
streams. 

All the geologic formations except the loess and the Creta- 
ceous shale will yield some water, but those most heavily drawn 
on at present are the glacial drift and outwash gravel. The 
latter is found in the principal valleys, where it furnishes large 
quantities of good water to shallow wells and constitutes the 
source from which all public supplies are obtained; the glacial 
drift everywhere underlies the upland, where it yields most of 
the private supplies on farms and in villages remote from 
streams. The loosely consolidated beds of drift near the sur- 
face are commonly saturated and yield a certain amount of 
water to shallow bored and dug wells; and seams of sand and 
gravel embedded in the impervious blue bowlder clay at greater 
depths contain water under considerable pressure, which is re- 
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covered by means of bored and drilled wells. The deep drift 
water is notably harder and more ferruginous than the water in 
the valley gravels. The Dakota sandstone contains a large 
store of mineralized water and supplies a few of the deepest 
wells. It is very imperfectly cemented and gives some trouble 
because of the tendency of its fine sand to rise with the water, 
especially when rapid pumping is attempted. The Sioux quartz- 


ite yields small supplies to wells in South Dakota and Minne- — 


sota, the water occurring in joints and also in the less cemented 
portions of the rock, but on account of the expense and diffi- 
eulty of drilling through this formation, it is properly avoid- 
ed in Iowa as much as possible. In some parts of the county 
water-bearing beds may exist between the Dakota sandstone 
and the Sioux quartzite, but, so far as known, no such beds have 
yet been reached by the drill. 

In all sections of the county most of the at. are bored and 
commonly range between 15 and 50 feet in depth, but there are 
also many drilled wells between 70 and 500 feet deep, wells 150 
to 160 feet deep being common east of Rock Rapids and wells 
of 190 to 300 feet west of that city. The difficulty with fine sand 


can to some extent be overcome by drilling wells of larger diam- © 


eter and using independent pumps that will allow the water to 


flow into the wells under uniform pressure. (See pp. 219-226.) © 


The water from the Dakota sandstone is lifted by artesian 
pressure to approximately 1,225 feet above sea level, which 
brings it nearly to the surface in the Sioux valley but leaves it 
about 100 feet below the surface at Rock Rapids and more than 
200 feet below on much of the uplands. According to railway 
surveys, the altitude of Beloit, in the Sioux valley, is 1,242 feet 
above sea level; of Rock Rapids, in the valley of Rock river, 
1,345 feet; of George, in the valley of Little Rock river, 1,377 
feet;-and of Granite, Larchwood, and Inwood, all upland towns, 
1,407 feet, 1,426 feet, and 1,473 feet, respectively. Drilling be- 
low the Dakota sandstone is not advised in this county, because 
it is improbable that much would be gained in quantity or qual- 
ity of water or in artesian pressure. The Sioux quartzite 
would probably be encountered before the drill reached a depth 
of many hundred feet. 


UNDERGROUND WATERS OF THE NORTHWEST DISTRICT 1053 


Near the Chicago, Rock Island & Pacific Railway station at 
Lester there is a 10-inch well, 70 feet deep, from which the 
water rises above the surface and flows several gallons a minute. 


CITY AND VILLAGE SUPPLIES. 


Alword.—The village well at Alvord (population, 283) is eight 
feet in diameter and is sunk to a depth of thirty feet into the 
gravel of the creek valley, obtaining great quantities of good 
water. 

The waterworks system consists of an‘air pressure tank with 
about half a mile of mains, eight fire hydrants, and eight taps. 
Only a few homes have service connections and the consump- 
tion is small. 

Doon.—The village well at Doon (population, 581) is 10 feet 
in diameter and 28 feet deep and ends in gravel, from which a 
large amount of relatively soft water can be drawn. 

The distribution system comprises an elevated tank, about a 
mile of mains, 12 fire hydrants, and 42 taps. Perhaps 200 peo- 
ple are supplied, and approximately 7,000 gallons are con- 
sumed daily. 

Rock Rapids.—The public supply of Rock Rapids (popula- 
tion, 2,005) is derived from a well 18 feet in diameter and 20 
feet deep ending in the valley gravels. 

The waterworks consist of a standpipe with about three miles 
of mains, 28 fire hydrants, and 250 taps. It is reported that a 
majority of the people are supplied and that about 30,000 gal- 
lons of water are consumed daily. 
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MONONA COUNTY. 


BY W. J. MILLER. 





TOPOGRAPHY. 


Topographically, Monona county is clearly divisible into two 
portions. The western third is occupied by the Missouri river 
bottom, where the land is low, very level, and much of it swampy. 
Little Sioux river and its West Fork flow along the eastern bor- 
der of this lowland. The eastern two-thirds of the county is 
characteristically very hilly and rugged. Important river chan- 
nels are cut in the hill country by Soldier river, by Maple river 
and by Little Sioux river. The hilly and the lowland regions are 
sharply separated. 


GEOLOGY. 


Of the upper or surface formations three types are to be 
found. The lowland region is covered by alluvial or river de- 
posits, consisting of sands, gravels, and clays. The hilly region 
is completely covered by the loess except locally where the prin- 
cipal streams have cut through it. Below the loess, in the hilly 
portion, comes the Kansan drift. The Kansan drift and the 
loess have been practically all removed by erosion over the low- 
land area. 
~ Of the old rock formations both the Cretaceous system (shales 
and sandstones) and the Pennsylvanian series (shales, sand- 
stones, and limestones of the Missouri stage) are represented. 
The Missouri stage immediately underlies the alluvial deposits 
in the southern half of the river-bottom area; and the Cretaceous 
spreads over the remainder of the county. 

Along the river bottom the alluvium rests directly upon the 
older rock formations. So far as known all the strata of the 
county are in a general way horizontal. 
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UNDERGROUND WATER. 


SOURCES. 


The sand and gravel layers of the river bottom afford an 
abundance of water. In the hilly country water is found in sand 
or gravel below the loess and in sand or gravel below the blue 
clay of the Kansan drift. Important water beds are doubtless 
present in the older rock formations, although little is known 
about them, as but two wells in the county are known to have 
extended into these formations. 

By far most of the water of the county is obtained from shal- 
low dug or driven wells, but the supply is often not as constant 
or satisfactory as it is in central Iowa, and in particularly dry 
seasons is considerably affected. The water, as a rule, is of 
good quality but hard. 

Practically all of the water in the river-bottom district is de- 
rived from sand or gravel beds in the alluvial deposits. There 
is no single clearly defined water-bearing stratum of widespread 
extent, the alluvial deposits being very local. Nearly all the 
wells in this district are driven and range in depth from 15 to 
80 feet, the average depth being about 30 feet. The head usual- 
ly responds more or less to the rise and fall of water in Mis- 
souri river. In the region around Onawa the water in the 
deeper wells (60 to 80 feet) is heavily charged with oxide of 
iron. This water seems to come from under a hard yellow 
clay or ‘‘hardpan’’ whereas the water above the ‘‘hardpan”’ is 
softer and free from iron oxide. 


- In the hilly loess-covered region many of the dug wells ex- 
tend into water-bearing sand or gravel below the loess, the 
depth to this so-called ‘‘first-water’’ level being between a few 
feet and 100 feet. Generally the water supply is not large and 
fluctuates according to seasons, even failing in some very dry 
seasons. 

A larger and more constant supply of water is to be found in 
the sands or gravels beneath the blue clay of the Kansan drift. 
Well records show that this aquifer has been struck at depths 
ranging from 35 feet along the stream bottoms to a maximum 
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of 300 feet or more on high ground in the eastern part of the 
county, but comparatively few wells reach it. Some wells ap- 
pear to derive water from sand layers within the blue clay. 

A few drilled wells enter the deeper rock formations. Satis- 
factory records, however, are lacking to show the source of wa- 
ter in these wells. 


PROVINCES. 


Monona county may be divided into two underground-water 
provinces—the river bottom, on which the water is found in the 
alluvial deposits and also in the deep-lying rock formations, and 
the eastern hilly region, where the water occurs in sand or 
gravel beneath both the Kansan drift and the loess and also 
probably in the deep rock formations. 


At least two flowing wells are known to derive their water 
from the older rocks below the alluvial deposits. One of these 
wells, 863 feet deep, is at Onawa, and flows a large stream un- 
der considerable head. The other, more than 400 feet deep, is 
near Blencoe. A very general record of the Onawa well shows 
the source of water to be in limestone. No record of the Blencoe 
well could be obtained. The head of water is sufficient to permit 
an overflow on the lowland only. 

Some flowing wells are known in the drift along the Maple 
river bottom near Castana. The river has here cut through the 
loess, and a well extending 30 to 40 feet downward into the blue 
Kansan clay strikes a bed of gravel with water under sufficient 
head to cause an overflow in the river bottom. 


SPRINGS. 


Springs of small size are numerous along stream courses 
where the bottom of the loess is exposed. The water emerges 
from the sand or gravel below the loess, as along Maple river 
in the vicinity of Castana. Thus these springs furnish examples 
of natural flow from the so-called ‘‘first-water level.’’ 


CITY AND VILLAGE SUPPLIES. 


Onawa.—The Onawa city supply is drawn from a flowing well 
863 feet deep and is forced by direct pressure by two steam 
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duplex pumps through two-fifths of a mile of mains to 18 fire 
hydrants and 42 taps. Domestic pressure is 40 pounds and fire 
pressure 100 pounds. The supply is sufficient, but constant 
pumping is necessary. The water is hard. It is used by 200 
people. 

The well has a depth of 863 feet and a diameter of 12 to 8 
inches; casing to 563 feet. It is located on the river bottom. 
The head is 15 feet above curb, and the flow 75 gallons a min- 
“ute. Water beds were struck at 863 and 300 feet. Driller, J. H. 
Shaw of Sioux City; date of completion, 1905. 


Driller’s log of city well at Onawa. 


















. Thickness.|Depth. 
Feet Feet 
ree MLCT TIT er SETI ¢ CLE oo ee a ee re eee et ee 50 50 
Sites ier AGO ATSO Yoo ook sae ee eee ee ye Seep re ee EE 5 a Ds ee 80 130 
er eemTaTLIG ee OT is BIT IO bee eee ee ee eee oe ee ee eee 14 144 
TE er CS a es a ae IE ES a ee er a ee 4 148 
Ps ER ER EY EATS noe ae ee ee ee ee econ 16 164 
CE a eR Ns | Se Ree Bt a ee ee eee 
Dn NA SF Se ek ee Eee 16 180 
Piaveorsunic, soit; thin layero o-oo eae Sb pl MS 
Co Bae Se ee ey a et a 100 280 
Limestone (small flow ‘Of ACARD le pat eg eS Se | ee ee 300 
Shales __.. Bee eae ae raat coed aartelnl| sca awekceaee 850 
Limestone with flow “Increasing SCE IERE SoC E STR Sy iL, i a ROTC Se 





The first limestone, at 300 feet, is probably at the base of the 
Pennsylvanian and the summit of the Mississippian. 
Minor supplies—Minor supplies are summarized in the table 


below: 


Minor supplies in Monona County. 











Pressure i: 
S S 
Ag 
Town Nature of supply peak Distribution | © eh 
ystem 3 a Db 
g Se aalee 
Bee su) 21-8 
Q Fy 4 fx aa 
Lhs.| Lbs.|Miles 
Castana -..-..| Well 66 feet deep___.| G be soline/Direct air} 40 40 | 0.7 | 12 40 
engine. pressure. 
Mapleton --..|12 driven wells 20) Steam duplexi|Gravity or} 70} 100; 2 16 92 
feet deep. pump. direct. 
Wie Wells (driven) 60 feet)Gasoline Gravity - _--. 38 38 | 1% 14 | 800r 
deep. engine. 90 
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Minor supplies in Monona County—Continued. 











1a 
3 AO 
Dem os 
Town a's. re Ey Remarks 
be | ga 
Ay ee) 
M gals 
OCastana *-.2.-- cee 850 8 | Ordinarily sufficient, but hard. 
Mapleton ---..--.. 400 15 | Fair supply, but hard. Deep well contemplated. 
Ute <a nnemnmmwens | 450 Jon2 cee ase Good supply, but hard. New mains being laid. 





WELL DATA, 


The following table gives data of typical wells in Monona 
county : 


Typical wells of Monona County. 














‘ Lal 
Gs} 5 oe 
o 
e 58 
Owner Location ee A = = Remarks 
a2|4 as 32 
o | 8 5a oS 
; A A RQ = 
] 
Feet | Feet Feet 
Robert Seton --.|5 miles south-) 64 |------ Sand.) .=2---- — %& |Driven well. No roek. 
east of Onawa 
TOWN | once eneee ee OUAWS ba eee 863 | 130 |Limestone ---|+ 15 |Flowing well, 75 gallons a 
minute; pumped by steam 
for city purposes. * 
Dr. Oreik 2 = OGastanaly- 2) oon) 8410) es eearr an di— 60 |No rock. 
sand) = 
Narcross Mill ~....|------ do ----.-- AB S| ooece SS dO pee + Flowing drift well. No rock. 
Mrs. Janess —----|1 mile east of} 150 130'Drift sand ---|— 40 |20 feet of dry shale below 
Ticonic. water bed. 
Mr. Cloud ----.-- 44 miles south of| 52 |_--.--/Gravel --.-----|— 34 |No rock. 
Mapleton. 
R. Perkins ----.- U0 eee 00) |eee ere aoe CO) emeeea| Lene Do. ; 
F, Shanahan  ...|3 miles south of| 58 |_-___|---. do -------|— 44 |4 foot open bricked well. No 
Ute. A rock, 
i & North|Onawa ------.-.. pel eR ee eee Onan nel semeere 
eee Ry. , Steam-pumped for .locomo- 








tives. No rock. 
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O’BRIEN COUNTY. 


BY O. E. MEINZER. 


TOPOGRAPHY. 


The surface of O’Brien county consists, essentially, of a 
gently undulating plain which in most of the county is more 
than 1,400 feet above sea level and in the north-central part 
reaches an altitude of more than 1,500 feet. Little Sioux river, 
which crosses the southeast corner of the county, has cut a deep 
trench into this plain and flows at a level of only a little more 
than 1,200 feet above the sea. The smaller streams have not yet 
dissected the plain to any great extent, but occupy broad, shal- 
low, and rather indefinite valleys through which my. HEMET 
meander lazily. 


GEOLOGY. 


The entire county is underlain by an accumulation of glacial 
drift, which was found to be 200 feet thick at Sanborn and 
which apparently is of considerable thickness at all points be- 
neath the uplands. The upper portion of the drift consists of a 
loose, gravelly, more or less yellowish clay, but the greater part 
is a compact blue bowlder clay, containing in some localities 
embedded sheets and lenses of sand and gravel. In the principal 
valleys porous, gravelly water-laid deposits lie at the surface. 

Below the drift are strata of soft blue shale, soft white sand- 
stone, impure limestone, etc., the shale being much the most 
abundant. At least the upper of these strata are supposed to 
belong to the Cretaceous system. (See Pl. XVII, p. 1006.) 

The following sections show to some extent the character of 
the drift and of the underlying stratified formations. Both are 
reported by the drillers and are in part approximations. 
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A 
Section of Chicago, Milwaukee & St. Paul Railway well at Sanborn. 
(See Pl. XVII, p. 1006.) 






































Thick- | Depth. 

ness 

Feet Feet 
Olsy.* YelloW steers noe ee ee 
Olay, blue) 22 ee a ee en eee 125 
Shale;. blue. en 160 360 
Shale, blue and green, with strata of limestone_______- J SS See 200 560 
Sandstone, soft, white, with some shale_-.__-----_-_____-__. 155 715 
Shale, gray; and’ streaks of rock 22 eee 50 765 
Sandstone; white wesc +22 oS a ee ee 45 810 
Shale, blue and green, mixed with sandstone 200 1,010 
Shale, greenvand “white =<. 22 eee eee 246 1,256 . 

Section of village well at Sutherland. 
Thick- | Depth. 


ness 











Feet Feet 
50 50 






Olay; “yellow 2 3 oe oe ee eee ee oe 

Olay, ‘bluerst2 62 eee 110 160 
Sand sand= clay ?.= 2... 222-2) Ses 30 190 
BOG Cac aewean cc ueee anseeesesenetasepe 20 210 
Gravel, fine: 22-121) 226-0 a 5 ae ee eeeeeee 2 212 





UNDERGROUND WATER. 
SOURCES. 


At present nearly the entire water supply of the county comes 
from the upper part of the drift and the gravel deposits in the 
valleys. The upper part of the drift is sufficiently porous to 
furnish a slow seepage to dug or bored wells but can not al- 


ways be relied on in dry seasons. At greater depths the drift 


consists chiefly of impervious blue bowlder clay, from which no 
water can be procured. Many deposits of water-bearing sand 
or gravel embedded in this blue clay form a reliable and sat- 
isfactory source of supply, but unfortunately such deposits are 
not everywhere found. In some wells, therefore, the drilling 
has been carried through the entire thickness of the drift and 
a certain amount of the soft bluish shale, and the wells have 
been finished in sandy strata which are apparently Cretaceous 
in age. These deep wells, as also some of the deepest drift 
wells, have not proved satisfactory because the water is highly 
mineralized and generally remains so far below the surface that 
the lift is great and because the fine incoherent sand in which 


i 
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they end is usually troublesome. Hence many of them have been 
abandoned and supplies from very shallow sources have again 
‘been resorted to, with the result that in seasons of drought there 
is On mapy farms a shortage in water for stock. Some farmers 
have dug large open wells in low-lying and poorly-drained locali- 
ties where the supply from the surficial deposits is not readily 
affected by drought, and a number have extended pipe lines 
from these wells to the barnyards where the water is wanted. 
In many places such an arrangement is more satisfactory than 
a deep sand well would be. For suggestions in regard to finish- 
ing sand wells see pages 219-226. 


CITY AND VILLAGE SUPPLIES. 


Hartley.—The village well at Hartley (population, 1,106) is 
130 feet deep and has been tested at 30 gallons a minute. The 
water is pumped into an elevated tank, from which it is dis- 
tributed through the mains by gravity, only about 2,500 gallons 
being used daily. The total length of mains is about half a 
mile, and there are eight fire hydrants and 17 taps. 


Paullina.—In Paullina (population, 796) the public supply is 
drawn from a shallow dug well which will supply 300 gallons a 
minute. The water is lifted into an elevated tank and thence dis- 
tributed by gravity through 134 miles of mains to 18 hydrants 
and 93 taps. <A large portion of the people are supplied, and it 
is estimated that approximately 6,000 gallons are consumed 
daily. 

Primghar.—The public supply at Primghar (population, 733) | 
was formerly obtained from a drilled well 420 feet deep, in which 
the water stood about 250 feet below the surface. This well 
proved so unsatisfactory that it has been abandoned for a dug 
well 15 feet in diameter and 15 feet deep, which ends in gravel 
with the water normally standing only six feet below the sur- 
face. The water is stored in a cylindrical air-tight tank from 
which it is forced through the mains by compressed air. The 
system is not extensive and supplies only a small portion of the’ 
population. 
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In the vicinity of Primghar a number of wells go to depths of 
about 100 to 140 feet, the water rising within 50 feet of the sur- 
face. They all end in sand or gravel, and most of them are giv- 
ing satisfactory service. As examples of this group of wells 
may be mentioned those of G. B. Slocum (SEH. 4 see. 25, T. 96 
N., R. 41 W.), George Ward (NE. 1 see. 24, T. 95 N., R. 41 W.), 
L. Strangland (NW. 4 sec. 19, T. 95 N., R. 40 W.), F. Seac (NW. 
%, sec. 6, T. 95 N., R. 40 W.), and the Chicago, Rock Island & 
Pacific Railway (at Calumet). j 

Among the deeper wells in the same vicinity may be men- 
tioned the old village well at Primghar, which is 420 feet deep; 
a well on the County Farm (N. ¥% see. 5, T. 95 N., BR. 40 W.), 
which is 408 feet deep; a well in the SH. 14 sec. 1, T. 95 N., R. 41 
W., which is 414 feet deep; a well in the NE. 4 sec. 1, T. 95 N., 
R. 40 W., which is 370 feet deep; and a well in the SE. 4 see. 
33, T. 96 N., R. 40 W., which is 380 feet deep. These wells end in 
fine-grained incoherent sand which causes trouble, and the water 
in them remains about 225 to 275 feet below the surface. Some 
of them have proved so unsatisfactory that they have been 
abandoned. In the abandoned Primghar village well the water 
is said to stand 250 feet below the surface (about 1,250 feet 
above sea level). 

Sanborn.—The public supply of Sanborn (population, 1,174) 
is obtained from two dug wells, one of which is 56 feet and the 
other 62 feet deep. They end in gravel and yield about 60 gal- 
lons a minute. There are an elevated tank, about two miles of 
mains, and about 200 taps. The average daily consumption is 
estimated at 16,000 gallons. 

The railway well at Sanborn (see p. 1060 for section) goes to a 
depth of 1,256 feet, piercing the entire thickness of the Cre- 
taceous and probably extending far into the subjacent Paleozoic 
formations. (See Pl. XVII.) The diameter is 8 inches to 436 
feet, 6 inches to 721 feet, 41% inches to the bottom; casing to 815 
feet. The curb is 1,552 feet above sea level and the head 350 feet 
below curb. Water comes from 494, 503, 633, and 857 feet; ca- 
pacity, 100 gallons a minute. Driller, S. Swanson, Minneapolis. 
Date of completion, 1896. The water in this well contains a large 
amount of mineral matter. 
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In some drilled wells about 150 feet deep in the vicinity of 
Sanborn the water rises within less than 1U0 feet of the surface. 
In a few between 300 and 400 feet deep the water remains far- 
ther below the surface. 

Sheldon.—The public supply for Sheldon (population, 2,941) 
is drawn from shallow deposits of gravel, sand and clay which 
are tapped by two wells 18 feet in diameter and 26 feet deep, 
two other wells 12 feet in diameter and 14 feet deep, and about 
1,100 feet of tile laid 14 feet below the surface. There are an 
elevated tank, six and one-quarter miles of mains, 35 fire 
hydrants and 238 taps. Approximately 1,000 people are sup- 
plied and 70,000 gallons of water are consumed daily, but most 
of the inhabitants still depend on shallow private wells. 


In the vicinity of Sheldon several wells have been sunk to 
beds of fine sand at depths of 300 to 350 feet, and in these the 
water rises within 200 feet of the surface, or perhaps 1,225 feet 
above sea. In one well, which was sunk to a depth of 470 feet, 
the water is reported to remain 350 feet below the surface. 

Sutherland—The public supply at Sutherland (population, 
664) is derived from a well 212 feet deep (see p. 1060 for sec- 
tion). The water rises within 50 feet of the surface, and the well 
has been pumped at 100 gallons a minute. The waterworks con- 
sist of an air-pressure system. Nearly all the inhabitants have 
private wells, and the consumption of the public supply proba- 
bly does not exceed an average of 2,000 gallons a day. 


OSCEOLA COUNTY. 


BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


The northeastern part of Osceola county is occupied by a pro- 
nounced morainal belt of Wisconsin drift. In this area the 
drainage is very imperfect, lakes, ponds and swamps being in- 
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terspersed in the most chaotic manner among irregular gravelly 
hills, mounds and ridges. Here, also, is found the highest land 
in Iowa, the culminating point probably being Ocheyedan 
Mound, a massive accumulation of glacial material which stands 
in prominent relief on the plain southeast of the village of 
Ocheyedan and reaches an altitude of approximately 1,670 feet 
above sea level.* Bordering this morainic belt on the south- 
west and sloping gently away from it is a plain underlain by a 
sheet of gravelly glacial outwash material which apparently 
thins out as the distance from the moraine increases and even- 
tually, in the southwestern part of the county, gives way to 
the attenuated deposit of yellow claylike loess which is gener- 
ally spread over the older drift sheets throughout the state. 

Below the surface deposits lies a thick bed of glacial drift 
which consists in the main of a matrix of compact blue clay in 
which bowlders and pebbles are promiscuousiy embedded. At 
depths of several hundred feet occurs soft blue shale with some 
interbedded strata of fine-grained sand or sandstone which are 
believed to be Cretaceous in age. In no place in the county has 
this shale and sandstone series been found at or near the sur- 
face, and in only a few of the deepest wells has it been pene- 
trated by the drill. 


UNDERGROUND WATER. 
SOURCES. 


The glacial-outwash material is largely so gravelly and porous 
that it is well adapted for absorbing and yielding water, and in 
the belt in which it occurs it supplies many shallow wells. Where 
the deposit is thin, however, or is so situated that it is readily 
drained, its supply is liable to fail in seasons of prolonged 
drought. In the morainic belt the material near the surface is 
also somewhat porous, being more or less gravelly and not 
closely packed together, and, owing to the general absence of 
deep drainage channels, these semiporous deposits are saturated 
nearly to the surface, and hence supply water to wells that are 


T Macbride, T. H., Ann. Rep. Iowa Geol. Survey, vol. 10, 1900, p. 195. 
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dug or bored a short distance into them. In the deeper portions 
of the drift are found beds of sand and gravel which are gener- 
ally filled with water under sufficient artesian pressure to flow 
into the wells rapidly, the yield being only slightly affected by 
variations in rainfall. 

The Cretaceous sand strata supply a few of the deepest wells, 
but up to the present time they have proved of little value as 
water horizons. As nearly as it is possible to interpret the well 
data in terms of geologic formations, it seems that the most 
satisfactory drilled wells are those which end before penetrating 
the Cretaceous rocks. Little is known about the water-bearing 
_ formations below the Cretaceous, but the evidence at hand indi- 
cates that nothing would be gained, either in the quality of the 
water or in the artesian head, by drilling to these formations. 
On account of the high surface altitude the water from any of 
the lower horizons would remain several hundred feet below 
the surface. 


The wells of the county can be grouped, rather arbitrarily, 
into four classes, as follows: (1) Wells that are dug, bored, or 
driven into the outwash gravels or upper loosely aggregated 
accumulations of glacial drift to a depth slightly below the nor- 
mal ground-water level, and that depend on the seepage from 
these materials. This class includes perhaps four-fifths of the 
wells of the county. (2) Wells that are bored to depths of about 
50 to 150 feet and reach beds of ,water-bearing sand or gravel 
or at least extend far enough below the ground-water level not 
to fail in dry seasons. (3) Wells that are drilled to depths be- 
tween 75 and 225 feet, extending to. deposits of sand or gravel 
from which the water rises under artesian pressure. ‘These 
wells are tightly cased and depend entirely on the water-bearing 
beds in which they end; they are relatively few in number but 
have several advantages over the other types which recommend 
them for general use. (4) Wells drilled to greater depths and 
also tightly cased to the bottom. They are for the most part 
less satisfactory than the shallower drilled wells because they 
end more commonly in fine sand (probably Cretaceous) that 
interferes with the pump, limits the yield, and frequently fills 
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the well, and their water is generally harder and more ferru- 
ginous and remains at greater depths below the surface. The 
difficulty with the sand can in a measure be overcome by drilling 
wells of larger diameter and using independent pumps. 


CITY AND VILLAGE SUPPLIES. 


Ashton.—The village well at Ashton (population, 518) is six 
inches in diameter and 65 feet deep and is cased to the bottom. 
It ends in a bed of sand from which the water rises to the sur- 
face, and it is reported to have been tested at 800 gallons a 
minute. The water is pumped into an air-tight tank from which 
it is forced through the mains by compressed air. Nearly all 
the inhabitants have shallow private wells and make small use 
of the public supply. : 

Sibley—The waterworks at Sibley (population, 1,330) are — 
supplied from a well 16 feet in diameter and 26 feet deep; they 
comprise an elevated tank, about three miles of mains, and about 
25 fire hydrants. The average daily consumption is estimated 
at 11,000 gallons. The well furnishes sufficient water for present 
demands but is liable to fail in dry seasons. 

Sibley is 1,502 feet above sea level. According to Norton, its 
high elevation and its nearness to the old land of pre-Cambrian 
erystalline rocks seen in the outcrop of Sioux quartzite a few 
miles west render the success of an attempt to obtain artesian 
water from the Ordovician and Cambrian water beds proble- 
matic. Beneath the exceptionally heavy drift of this region— 
reported at Ollendorff as 515 feet thick—the drill will find thick 
beds of the Cretaceous, comprising the shales and marls of the 
Colorado group and the underlying Dakota sandstone—the last 
furnishing an abundant supply of water. Whether the Saint 
Peter sandstone extends this far to the west and north is un- 
known. According to the general lie of the formations, it should 
be found, if at all, within 600 or 800 feet from the surface, the 
depth depending not so much on the dip of the strata as on the 
depth to which the upturned edges of the gently inclined strata 
were worn down during the erosion periods before the Creta- 
ceous submergence and on the thickness of the Cretaceous beds 
and drift deposited upon them. 
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PALO ALTO COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 





TOPOGRAPHY. 


West Fork of Des Moines river flows diagonally through the 
central part of Palo Alto county, occupying a wide but shallow 
alluvium-filled valley, on either side of which extends a monoto- 
nous and poorly drained drift plain. Westward from the valley 
this plain rises considerably, so that along the west margin of 
the county it is decidedly higher than elsewhere. 


GEOLOGY. 


The glacial drift rests upon a series of soft shales and poorly 
cemented sandstones believed to be Cretaceous in age, beneath 
which lie limestones and other indurated Paleozoic formations. 
Both the glacial drift and the Cretaceous rocks seem to thin out 
somewhat toward the southeast corner of the county, thus allow- 
ing the Paleozoic limestones to come relatively near the surface. 
(See Pl. XVI, p. 814.) The following well records throw light 
upon the geologic section of this region. 


Section of abandoned city well at Emmetsburg. 

















Thick- | Depth. 

ness. 

Feet Feet 
BOUMEUeUOWECINY, - STARVE!) Jconcndctedseteeeenscodenesrapepeesesccawascarns-sacardsaanncss 
Pr EMO Part ooo a Bae e tegen aanube suis cnaswardimasenacnenedeveouioanianinaas 20 45 
Dame raAvel ening  YClOw Clay ces cteeeeetantebataccenconnscnamaueccacsnepmeccawnsaiaas= 5 50 
ee ee aan ab an tee bonne et wa aeacomame 65 115 
OPE ECE | aR a pe Sar, SP arene a 2 117 
COST ak a IS ps 1 ASS aac eS  e E 
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Section of Chicago, Milwaukee & St. Paul Railway well at Emmetsburg. 




















Drifts.s Gt@ig oot alten ce ek crs ae ee 
Incoherent sandstone = 202-2). c ee ee eee eee 109 . 334 
Shale, red eso a ae ee ee 22 356 
Dolomite 22. Seer ee i i ee ee 32 388 


Shale, sandstone, limestone, etc. 





Section of village well at Ayrshire. 














Thick- 
ness. 


Depth. 











Feet Feet 


Soil, ‘yellow ‘elay,. sand and’ blue claysc. 22 eee eee 160 160 
Sand «ooo. ssc i ke cee ee eee Se eee 2 162 
Olay, blue, with sand ls 22S eee aS ee eS eee 58 220 
SAIC occa ce Seow oe eres oe es ee 80 300 
Sand, with seams of shale oe ca ns ws cae eae as co es ne Se 73 873 


Shale, Ted: (entered) -.u..2.. co seck ence cas cae ee eee ee ee 


eee ee en a! ome eww wee 








Section of village well at West Bend. 








‘| Thick- 
ness. 


Depth. 














Olay; yellow: and. blu@ — .=s. <0 won dee meen ce ence eed a ee eee eee ee 81 
Sand, fine; white; and: blue: clay: 2.22 22- sass Sah eee sedaeec eee eeeee 22 103 


“Blint’? —_ BN Ee oes aimio eels oe koe ee eee 4 103% 


Sand . (entered) 2 dccccssihie scale cceea ae ee a, ee 7 1103 


Section of the abandoned village well at West Bend. 








Thick- 
ness. 


Depth. 











Feet | Feet 
Drift’ (similar to above. section) \.-2——- = aa ee nae ee ere ee 94 94 





BDO eer iccaa cet canes ae nn ae eee Sete ee eee eee nese oe eset es ee ee oe 112 206 
“SReod Sar fsa a a a a a rt nn ee toa a ele ee 20 226 
Ohert,) 6t@. <a nnn rc cere ce ree sees angen sams ewesne aoe e a= a ea Saleen eee 43 |. 269 


Sandstone,” Ct@: 0 sas ee a aie eee ee a ae ee 23 292 
Limestone © 2a222 on nce nw ccewenannansa=ne a ee 89 381 


Shale, blue (entered) ——-—-a2ana- sane a a npn 


The ‘‘quicksand’’ in the first Emmetsburg well, the incoherent 
sandstone in the second, the 73-foot bed of sand in the Ayrshire 
well, and the 112-foot bed of sand immediately below the drift 
at West Bend apparently represent the Cretaceous—probably 
the basal Cretaceous deposit. In each of the three localities this 
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formation rests upon a bed of red shale which may be the red 
shale formations found in the vicinity of Fort Dodge. Accord- 
ing to the section, the thickness of the glacial drift is a little 
over 200 feet at Emmetsburg, about 220 feet at Ayrshire, and 
approximately 100 feet at West Bend. 


UNDERGROUND WATER. 


SOURCES. 


The water supply of Palo Alto county is drawn from outwash 
and alluvial deposits, glacial drift, Cretaceous sand or sand- 
stone, Mississippian (?) limestone, and older formations. 

The outwash and alluvial deposits, which are virtually con- 
fined to the valley of Des Moines river, furnish water freely 
to shallow wells, and this water is generally not so hard as that 
from other sources. Outside of the valley most of the supply 
is obtained from the upper part of the drift or from beds of 
sand that lie at greater depths between deposits of bowlder 
clay, but many drilled wells end in the Cretaceous sand. In the 
southeastern part of the county a few end in the underlying 
limestone, and two—the railway well at Emmetsburg and. the 
village well at Mallard—draw from still deeper sources. 


The drilled wells have the greatest average depth on the high 
ground along the west margin of the county. Thus in the 
southern part of Lost Island township and the northern part 
of Highland township they are commonly about 300 feet deep; 
in the western part of Silver Lake township many are about 
250 feet deep; and in Booth township depths up to 377 feet 
were reported. In Vernon township depths of 250 to 300 feet 
are also common, but in general throughout the central and 
eastern parts of the county the depths are less. In the vicinity- 
of Cylinder 100 feet is perhaps an average, and near the river 
many drilled wells end at considerably less than 100 feet. 
Much difficulty has been experienced in finishing wells in the 
Cretaceous sand strata. This difficulty and its remedies are 
discussed on pages 219-226. 
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HEAD. 


The depth at which the water stands in the wells varies with 
the altitude of the surface, being generally greatest in the deep 
wells in the western tier of townships, in many of which it 
stands from 100 to 175 feet below the top of the well, and least 
in the valleys and other low-lying areas farther east, where it 
may rise nearly to the top or in a few localities may flow. In 
the railway well at Emmetsburg the water rises within 33 feet 
of the surface, or 1,197 feet above the sea, and in the abandoned 
city well it rose within 40 feet of the surface, or 1,197 feet above 
the sea. At Cylinder it rises within 12 feet of the surface. Be- 
tween Ruthven and Emmetsburg several flowing wells that end 
in the glacial drift evidently derive their head from the high 
area immediately west. Another group of flowing wells, ap- 
parently supplied from Cretaceous sand, is found in the valley 
of Prairie creek in the vicinity of West Bend. To judge from 
the 1,050-foot well at Mallard and other deep-well data, no 
additional head would be gained by drilling to formations below 
the Cretaceous. 


CITY AND VILLAGE SUPPLIES. 


Ayrshire.—The village well at Ayrshire (population, 337) is 
373 feet deep, ends in Cretaceous sand, and has been tested at 
120 gallons a minute. (See p. 1068 for section.) The water- 
works, which consist of an air-pressure system, are not tas ex- 
‘vty used. 

Emmetsburg.—In Emmetsburg (population, 2,325) it is esti- 
mated that about 1,600 people are supplied from the city water- 
works. The public supply is taken from a dug well, 1314 feet 
in diameter and 25 feet deep, and the system consists of a stand- 
pipe, more than eight miles of mains, 37 fire hydrants, and 320 
taps. The average daily consumption is approximately 40,000 
gallons. ; 

The Chicago, Milwaukee & St. Paul Railway well (Pl. XV 
p. 814) has a depth of 874 feet and a diameter of six inches. The 
curb is 1,230 feet above sea level and the head 33 feet below 
the curb. The water comes from the Saint Peter sandstone, 
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the water of the Dakota sandstone having been cased out. 
Driller, W. E. Swan. 

Driller’s log of railway well at Emmetsburg. 
Thick- | Depth 
ness 
Feet Feet 
EE ne 2 aye ell aR I Pe Pa a A a tT 5 ae A a a aoa 5 8 
Clay, yellow 16 Dal 
Oy UO ae eto S. 2 a ee ee eee ee 204 225 
Sand, dark 80 255 
Ll. i - —————_ ee Se 79 334 
Mari red. 22... 22 856 
Limestone, broken . 10 866 
Limestone, sandy .— 22 888 
Shale, black 4 892 
2 ESET» a Sea ISS SES ft eg ll ES a py eS 30 422 
Shale, gray 15 437 
DUBE MYO OTIOSI AT) a8 A ent oe mee re ee ee enn cewndncnneecese 224 661 
CTU Ley 1a? Sy ai a a ORS EB 5 a a OE i A 2, ee rear 65 726 
NP 5 NUESY) pl SMS SI SRS I SRI a A pe 80 756 
MaNBeONG T WHIGO s 5025 ee ee Di es ee ee er ee eek 110 866 
OEE TS oa we a AI a ae HS Ech Ys seg Yl 8 874 
Record of strata of railway well at Emmetsburg (Pl. XVI, p. 814). 
Thick- | Depth. 
ness. 
Feet Feet 
sole atte (225 feet thick; top, 1,230 feet above sea level): 2 “ 
Clay, bright yellow, calcareous; with drift pebbles --.-.-.-.-...-.-_.--.---.----- 16 21 
Olay, blue, pebbly; more strongly calcareous than above-_-----_..------.-------- 204 225 
Oretaceous: 
Dakota sandstone (109 feet thick; top, 1,005 feet above sea level) — 
Sandstone, moderately coarse, gray; mostly of clear quartz, but contains 
many grains of pink and dark gray quartz, jasper and flint.-----.-._____ 80 255 
Sandstone, very coarse; similar in composition to the above; sample con- 
tains fragments of fine white kaolinic clay ~-.-.....-...-.-.---_-_---------- 79 834 
Carboniferous (Permian?): 
Clav. fine. bright red; slightly sandy, noncaleareous_.-...--..__.__..-—_-._--__.. 22 356 
Undifferentiated strata: 
Dolomite, hard, gray and buff; fossiliferous; fragment of impression of one 
valve of a square shouldered brachiopod; rough; subcrystalline_-_---.__-.-_- 32 388 
CLLRS UAC Ss SBR RES Oa 5 ay a i Se a ee 4 392 
pele light buff; the larger part of the sample consists of sand as at 225 a ee 
e Se a SI SEO Re RE 9 EE | ee re i eg a ee 
praleion, bine, solt,, CAlGSTEOUS ieee noe rn oe ce en Score beeeee ane necnaoee 15 437 
Ordovician: 
Galena limestone (224 feet thick; top, 798 feet above sea level)— 
TiTrestone. MaAagnesian, | STAY sess ss oo ae cae n ccc cs newness cnewes ee en cen eess 50 487 
Benaraice. Leht) Dall 80 Lipset cep ee we eae oe Sac naneceens cae em ee escenean 90 577 
Tmestone, magnesian, ‘hard, Sray —.2W. 3s ocean een one 104 661 
Platteville limestone (95 feet thick; top, 569 feet above sea level)— 
Patties sort. highly Calcareouss-—>.=:....2<. 2 ee ee 65 726 
Shale, as above but darker and less calcareous ----.-----.---------.--------- 30 756 
Saint Peter sandstone (110 feet thick; top, 474 feet above sea level)— 
Sandstone; grains of clear quartz, smooth, well rounded, mostly 0.55 to 
©: 7 millimeter in, diameter jas es ann oe acm ce een ecenesmenan 110 866 
Prairie du Chien stage-- 
Shakopee dolomite— 
mommies light STAY. SUVDELV STALIN so cec ee ook ao eee oases een 8 874 
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Graettinger.—Most of the people of Graettinger (population, 
596) get their water from shallow wells that end in alluvial 
deposits, but perhaps one-fifth are supplied from the public 
waterworks, which include an elevated tank and a short system 
of mains. An abundance of water for the public supply is ob- 
tained from a dug well sunk 28 feet into alluvial deposits. - 

Mallard——The waterworks at Mallard (population, 331) are 
supplied from a well 1,050 feet deep. (See Pl. XVI, p. 814.) 
There are an elevated tank, one-fourth mile of mains, four fire 
hydrants, and six taps. The average daily consumption is esti- 
mated at 3,000 gallons. 

The well has a diameter of eight to four and one-half inches, 
casing to 1,000 feet. The curb is 1,228 feet above sea level and 
the head 66 feet below curb; capacity, 76 gallons a minute. 
Water was struck at 260 feet in fine sand, and again at 1,000 
feet in white sandstone. Driller, Swanson, of Minneapolis. 
Year completed, 1903. 


Record of strata in Mallard city well (Pl. XVI, p. 814). 

















Thick- | Depth. 

ness. 

Feet Feet 
Drlit: 2ac sees ee na i ee nn Shh ee eee 380 880 
Wnknown V2.0) 2s ee basa eden eee oo ee See eee 119 499 
Limestone, argillacéous 222. oo nn on ae ee eee eee ee ee eee 11 510 
Sandstone) 2a~ sedan nen ona ae es enw en een enes cs san aa emen ne ane ate en ee 90 600 
Shale; blue,. calcareous 2206... 2. <3 202 LE SS eee 45 645 
Dolomite and limestone S.225-0512 2555-2 Se ee ee eee 100 745 
Limestone with seamisof ‘shalejc 2. Se ee ee eee eee 30 775 
Dolomite 322-555 56ass ison 5 sen Ss es ese oes an eae eee eee ee 25 800 
Limestone --..----- Se ere pa a a en a Oe ee Ep 80 880 
Shale, light colored, “ CBICRTOQUS- soe ise oan enn a cee een 30 910 - 
Limestone Pee ooe niga ie wi on incase cm em eee oats ann anee aa eee 20 930 
Shale, blue, calcareous “(Platteville) | ea te ate a eee nan OL SE ES Cs 
Shale, hard, caleareous. osisee be beeedtel la leet. ee ae 20 1,010 
Sandstone, white, noncaleareous (Saint Peter) \uic 2-2 ec a ce 1; 





Ruthven.—The waterworks at Ruthven (population, 655) are 
supplied from a dug well, 20 feet in diameter and 20 feet deep. 
The water is pumped into an air-tight tank, from which it is 
forced by air pressure through about half a mile of mains to 
seven fire hydrants. The water is very little used except for 
fire extinction. There are many shallow private wells from 


which the domestic supplies are obtained. 
* 
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West Bend.—The public supply at West Bend (population, 
679) comes from a 110-foot flowing well. (See p. 1068 for sec- 
tion.) The water will rise three feet above the surface, or 1,156 
feet above the sea. It overflows at the surface at the rate of sev- 
eral gallons a minute, but is drawn down to 30 feet below the sur- 
face when pumped at 100 gallons per minute. It is lifted into an 
elevated tank and distributed by gravity through about a mile 
of mains to 10 fire hydrants and 20 taps. About 100 people are 
supplied and approximately 2,500 gallons are used daily. 

An old city well at West Bend has a depth of 381 feet and a 
diameter of six inches to 284 feet and four and one-half inches 
to bottom. The curb is 1,197 feet above sea level and the head 
31 feet below the curb. The water is from 290 to 381 feet; 
capacity, 20 gallons a minute. The well was completed in 1895 
by C. P. Thomas, of West Bend, and was abandoned some years 
later on account of the insufficiency of its supply. 


Record of strata in city well No. 1 at West Bend. 


{Based on driller’s log.] 























Thick- | Depth 
ness 
Feet Feet 
Quaternary: 
(fn! = "5 eS ene ei. SIS RTD rae eee eed Re ee eee es 5 5 
OTERO ea a see ee pea 16 21 
COLT, TRU Gly eee ea ES gE ee he an ee es a ee eee ae 41 62 
PEC INGE DTA VOR ce se ee ee ee ee ne eed 9 71 
Cameo. Ad  Nardpa Diep ce eee eee e ce care oe oe oe Seas ace, 23 24 
Oretaceous: 
GROTUL AaGM Ch Raia ES eR ee ee ee ae ee ee 112 206 
OIG grr Ue ap Maa a SA Ss St Ee I a ea ee 20 226 
Carboniferous (Mississippian): 
Chert, white, slightly pyritiferous; some fine green clay__.-------_----------------- 43 269 
Sandstone, in fragments of limpid quartz, with considerable chert, and some) 

EAR TRC rire TA YS LEIIOR COME sea cee ete ee See ed eet oe ee 28 292 
Dolomite; white, somewhat arenaceous:----. —--._--_---.._-.-.-- 2 =.=... —- 6 298 
inestone, biue-gray =.=. sce Be eso 4 302 
Dolomite or magnesian limestone, blue, crystalline ee ied oa at ee eee Stee 4 306 
Dolomite, crystalline, light blue-gray, blue: gray and yellowish; 3 samples___. 25 381 
Dolomite, blue and light gray, hard, compact, finely crystalline, argillaceous; 

PESTO DIOS fa = oo ono ca kes eee ee oe enna ee een et nanos naam ee enee Tae erecebe amen | 8 339 
Limestone, from light yellowish to dark blue-gray; often mottled; in thin 

oN se Sa a MAREE eg OT QBN DES) ghee day ei Ne a IE ite ee A feel Ge ae ele eee ll 350 
Limestone, brown and buff, soft and argillaceous at 350 feet; crystalline 

and cherty below; 3 samples copra pa, Se a ee ae Se le ES, La 12 362 
Limestone, magnesian, gray, hard, compact; some shale; 3 samples_-___--__-- 19 381 
Shale, blue. 
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PLYMOUTH COUNTY. 





BY O. E. MEINZER AND W. H. NORTON. 





TOPOGRAPHY AND GEOLOGY, 


The upland surface of Plymouth county consists of a gently 
undulating prairie which descends gradually toward the south- 
west and is trenched by a number of valleys that trend south- 
westward, their direction no doubt being determined by the 
original upland slope. Big Sioux river, which occupies a rather 
wide valley, forms the west boundary of the county. 

The surface deposits consist of alluvial and outwash deposits, 
loess, and glacial drift» In the Sioux valley, in Sioux and Plym- 
outh counties, a series of Cretaceous rocks, consisting of shale 
and impure limestone (Benton), and sandstone (Dakota), is 
exposed. Between the glacial drift and the underlying Cre- 
taceous lie sands of doubtful age. (See Pl. VI, p. 310.) 


UNDERGROUND WATER. 


SOURCES. 


Water in Plymouth county is derived from alluvial and out- 
wash sand and gravel, glacial drift, sand of uncertain age, and 
Cretaceous limestone and sandstone. 

The alluvial and outwash sand and gravel are confined to the 
principal valleys, where they constitute a valuable source of 
supply. The glacial drift, which has a much wider distribu- 
tion, is relied on chiefly in the upland districts and furnishes 
most of the water used in the county. A number of drilled 
wells end in sand which lies at or near the base of the drift and 
may, at least in some places, be identical with the sand deposit 
of uncertain age in the Sioux valley between the Cretaceous 
deposits and the drift. 


1Bain, H. F., Rept. Iowa Geol. Survey, vol. 8, pp. 326, 327. 


* 
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The Cretaceous limestone crops out near Akron, where it 
gives rise to strong springs. It also supplies a number of 
drilled wells in the western part of the county. Though drillers 
do not recognize it farther east, it seems probable that if they 
would watch for it after the drill had penetrated shale, they 
would find it more widely distributed than it is at present known 
to be, and might find it a valuable source of water. No screens 
would, be required in wells ending in this formation, and its 
depth is not great. 

The Dakota sandstone outcrops in the Sioux valley in the 
southwestern part of the county, where it supplies many drilled 
wells. The head of the water lowers toward the outcrops, as 
is shown by the fact that at Hull, Sheldon, and Primghar the 
water rises to about 1,225 feet above sea level; at Hawarden 
to 1,150 feet; at Le Mars to 1,142 feet; and at Hinton to only 
1,120 feet. In some sections of the county the water remains 
so far below the surface that it will perhaps never be exten- 
sively utilized, but in other parts it rises nearer to the surface 
and would be a valuable and reliable source of supply if it were 
not for the sand which tends to rise in the wells. Another dis- 
advantage is the hard and ferruginous character of the water. 

In the northeastern part of the county nearly all farm wells 
are bored or dug, are very shallow, and are commonly situated 
on low ground. Farther east and south most of the wells are 
drilled and many end in the Dakota sandstone at depths of 100 
to 200 feet. In the Sioux valley driven wells about 25 feet deep 
are widely used. 

SPRINGS. 

Many rather large springs emerge along Big Sioux river, the 
water in most of them coming from the limestone that outcrops 
in the valley. One spring of local note about a mile south of 
Akron yields several hundred gallons a minute; another occurs 
four and one-half miles north of Akron, along the river. 


CITY AND VILLAGE SUPPLIES. 


Akron.—The public supply of Akron (population, 1,130) 
comes from eight driven wells, each 24 feet deep. The water 


* 
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is pumped into a reservoir on the top of the valley cliff and is 
thence distributed by gravity pressure through about one and 
one-half miles of mains to nine fire hydrants and 62 taps. The 
average daily consumption is approximately 15,000 gallons. 

Kingsley—tThe public supply of Kingsley (population, 977) 
is furnished by three dug wells, each 16 feet in diameter and 
20 feet deep. The water is pumped into an elevated tank and 
thence distributed by gravity through one and one-half miles 
of mains to 24 fire hydrants and 63 taps. It is reported that 
about one-third of the population are supplied and that approx- 
imately 6,000 gallons of water are consumed daily. 

Le Mars.—The waterworks in Le Mars (population, 4,157) 
are owned and operated by a private corporation. The water is 
obtained from 22 driven wells and is pumped directly into a 
system of mains about 12 miles long, which is tapped by 94 
fire hydrants and about 850 service connections. It is estimated 
that approximately 750,000 gallons are consumed daily. 

A well at Le Mars (Pl. VI, p. 310), owner unknown, has a 
depth of 1,560 feet, starting at an elevation of 1,275 feet above 
sea level. 


Record of strata in deep well at Le Mars. 























Thick- | Depth. 

ness. 

Feet Feet 
$CQOUN? | nes ee a 
$6 ys, < OLIO Wa eer eae ne a es ce ee ce ec ee 13 20 
“Olay; blue”, =o. s2cs ose 2 8 a ae eee ee ee ee 44 64 
“Sand and gravel’’s hardened above eseeee een en eee eee eee ee ee eee oF 91 
“Soapstone and slater ea deren cee) ee eee 89 180 
“Sandstone, clays, and some lignites; in alternating strata’’___-___________-________ 138 318 
‘*‘“Saridstones “with somex shale: oo ee ee ee 147 465 
Sandstone, micaceous; of broken grains; noncalcareous ------------------------------|-------- 
Sandstone; as above, many grains pink, reddish and yellow —---------_-------------|_-----_- 960 
Gneiss (?); constituents of orthoclase, quartz, and muscovite; reddish in mass____--|_-_-___- 1,060 
Gneias (Os) chiefly. feldspar: and smite, Sassel soos ee eee eee Soe he ee 1,325 
Schist, micaceous; brown in mass) 2 as ee ee a cee re ene eee 1,560 





The base of the Cretaceous may be placed at a depth of 465 
feet, or 810 feet above sea level. The floor of crystalline rocks 
was unquestionably reached at 1,060 feet, or 215 feet above sea 
level. The sandstone at 960 feet may be compared in the num- 


AStrata below 560 feet were determined by the writer; all other statements 
are taken from Todd, J. E., Proc. Iowa Acad. Sci., vol. 1, pt. 2, 1892, p. 14. 
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ber of pink, reddish, and yellow grains to the sandstones at 
Hull, which are found associated with intrusive sheets of quartz 
porphyry and may be pre-Cambrian in age. 

A drill hole owned by C. R. Woodward (section 15, T. 92 N., 
R. 45 W.) east of Le Mars has a depth of 381 feet. 


Record of strata in Woodward drill hole near Le Mars. 







































Thick- | Depth 

ness. 

Feet Feet 
LUNE oe eal ARs ER Ret 2 Poe as ts te Non tillen cao mie: Sonn i CRE ee a ag ie ent eel a 25 25 
Clay, bluish black, with bituminous matter and gypsum ------ ee 25 50 
Bituminous matter and PRCA UATTENS ee pet ey Ae al ES i Ra ef le re ee a 10 60 
Soapstone and clay, organic matter colored by iron oxide and carbonate of lime 

TeeGate See ed a ek ee ee ES ee ee eee 19 79 
Sandstone, very hard, ferruginous, slightly ORICA TOUR see te ee ee ee 33 83 
Calcareous sandstone, iron oxide; first seam of lignite, 1 inch; also sulphate of 

HOE NEGET PVR ae ee Ee, a et OE Re Re ee ee eee 23 854 
Stone, arenaceous, chalky, calcareous; marly partings contain nearly pure cal- 

CLD COP OSE Pies bi St tie le a A se eee ee ee eee 7% 93 
TELL. “COOTECE ACTON s (alana a aes Bal OR SEES a ee a ee 1 94 
COP MOOSE ETE SMB BEY ps0 Pa a ve es 3 Ge se ad Ele ch Sate SE i Ee de aa ee 1 95 
Blase eroutcen. «DIZNMINGUS, CBICRTOOUS tno te eee ee a ee anno mnemoannl 6 101 
MIR Lone Oty >. CRICATCOUS yates ae eee ee a ee ew Seer ick an Suncare ime 11 112 
Petretrieme eH CAPOOUS ois ka crete eae ee eae ed ee eta aewnneaseeane 3! 118 
Slate, rotten, bituminous; and shale /.....-....-.....-____.. hee Ae er ee 12 125 
MORDSIONG« AN: Slate mee eae eee een a ee ee ee Se kB) nk ed oan ecekennn 6 131 
Pee CHIE OUS ge cre er © te tree me rege Oe er ae ee eo 1 132 
RIMICURORICATCD US! QTC SINCCOUR tessa tats ee es ee oe ee eee ee 5 137 
CG sae eS te es EN, SE ES OVE EE Ae Te See ae eee 8 145 
Ss OE ACE SYR OBES Oo) Bae t ORS SSeS TE Roe os See ee ee eee 1 146 
Panienpoticw in. DANGS: PharG,» DICUMUNOUS)s oea oe ee ee a Ee ae 12 158 
Slate, bituminous, and shale, with streaks of coal and limestone___-..--..--.-...- 4 162 
Shale; hard slate and shale; wind veins blow sand out of top of well_-----.---.___ 13 175 
Slate and shale; with limestone bands and openings --.---------.-..---------------- 4 179 
emriomerate,! DATs os2 none oe sees aos sae oe eee are emi ck eneecnacetwocue 77 181 
Sandstone, hard, ferruginous, calcareous, with slate streaks__._._._._..._._._________ 6 187 
Ma nrEEONG,) TOOCISI. DITO WI ye LOrTUe iO Use o ns ee ee eek 8 195 
encour aceous, TOCKS, slate Alld) UIBCK JACK —o-asenn teen eee ek 6 201 
mrmrecand- ire clay, with streaks of hard coal! sere 2 ee 4 205 
Sandstone, micaceous, with streaks of fine clay.1.2—-22--.-___-.-..- 6 | 211 
cel Ola Says GET CS een CS ae de TL pe ec ee a in eee ee ee 4 215 
ReInOODG eC > INICRCAOUS meee tee ae ee ee Se ns teksten dew 5 220 
RPREURTeMROUL CEUTIETOUIS) | cee tees ee renee ree ere ren ee fn Re So sc een oe 2 222 
Lhe Tone Gag ee See aa Sh OG Bn Se Ee ee ae ke Ee ers ee I 23 224% 
Pirercia ya Od BANGs TONG wh seea aetna wa eect ee see te ek ae inna ceuenumeee 14 226 
BeTOStONe MUAL Ks OTRANIC: MALLOR esse ec esas ee ae eos wok senna cmede ane cesseesnasssae= 5 281 
Rr reR teem CITININOUG Raat eee ee eee Se Pen a ES eee eeeeoenn anes 34 2344 
OT) aay ea ated A Re Se Se a Re eS See pe pe eee 14 236 
IBREERO TAC OR TINO’ COM) 4202. non oo la ene ee ee pee ee cnt Te eee a | 237 
Soapstone and slate; limestone and coal streaks —.--.--.--...-.---...-.---------__-- 5 242 
Be OTONeCcOUs:) COB) in Strenikhae se meee ee tS LS eee g 242% 
ipinerecriag of jron. (narnebic)s Nard sOUG 2. ase s- no oe a ee cea anes 6 248% 
PTC MEAL BO AD SCOT) aoe eee een oe em ee ee eee 4 252% 
PenarnreaniG | SO&DStONG) teem ere eee en 2 Se eee es 6 258% 
Soupstone, hard, ferruginous, “with» gypsum, =. >. Poe 43 263% 
A tac! ot eS 2 Ra eS OS ST Gee oO i ee ee Re ee ot ee ee ee 3 263% 
Pinreesnornre, Clays: DYLItG 55ers ee a ccc ase e ee deca cee 4% 268 
Uo ST Revr 0 § jac SRE ME pe SS A aR Ds Lee sans Pe ee ee A ee i ee 15 283 
CURIS 25) 6 oe ESS Ue a el a ee 3 2834 
BOO DONG © oe Le Aves ue le eee 164 300 
Slate, bituminous; with pyrite ~-----_-___ = ees 525 RS 6 306 
RInteeP piLUmMm nous, -Siliceouss: With pyre oes a ee ee eeecannn 9 + 315 
Slate, fine- grained: With” DY TCG ewe eee a eee nates eee aa eae 8 323 
Sandstone, brown, ferruginous; streaks of coal and slate ~-.-.-.-.-.-.-_--_------ 11 334 
Sandstone, Prowl 1OrrTuciNOUss  Withie MOR VS CEDAL fe eee ees eee ent n essen nce | cnew eal aes oesee 
RIOR COMATHS PONVSLAIS «oon oo tant necee ee. See eee ee Ree ee 6 340 
Eile: srerrig nouns,” CalCarcOus’ £h2 co.cc. Sica cke eae tad once Nodawaserdoeonccaewenckecce 10 350 
ByTLORTOCIPANG SAT oe oot 2 Se Ronn oe ee ee ee ee so eae 14 364 
BanGelLOne. srerrug NoUs;” With, TUOTSPAL Sooo oo a ee carte nes ated ener ne cosebane 6 370 
Shales, siliceous, with streaks of carbonaceous matter__._..--...._--._-___.---_-...-.-- : me 


MOHES ERTIES TACT OU OLLND ieee ee ern tt ee eee ee es ee SSeS, ee a 
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All these strata are referred by Bain to the Cretaceous, 
although he would entertain the theory of a Pennsylvanian out- 
lier in which the drill was still working at the bottom of the- 
drill hole. 

Remsen.—The waterworks in Remsen (population, 1,076) 
draw from two dug wells a supply which, though not great, is 
sufficient for the present requirement of approximately 13,000 
gallons a day. There are an elevated tank, about a mile of mains, 
15 fire hydrants, and 22 service connections. 





POCAHONTAS COUNTY. 
BY O. E. MEINZER. 


TOPOGRAPHY. 


The surface of Pocahontas county is a monotonous, slightly 
undulating, poorly drained drift plain which has been modified 
to a minor extent by stream erosion. It rises gradually toward 
the west. es 


GEOLOGY. 


The glacial drift appears to have a thickness of approximately 
200 feet in the western part of the county, but it becomes thinner 
toward the east and especially toward the northeast, where 
in certain localities it is very attenuated, the underlying rock 
coming to the surface in at least one place. 

Cretaceous deposits, consisting chiefly of beds of loose sand, 
lie below the drift in perhaps all parts of the county except 
in a small irregular area in the northeast, where the drift rests 
upon limestone of Mississippian age. (See Pl. XVI, p. 814.) The 
Cretaceous deposits are not known to outcrop anywhere in the 
county, though they are constantly encountered in drilling, but 
Mississippian limestone is exposed in the quarry near the rail- 
way northeast of Gilmore and perhaps elsewhere. It is not im- 
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probable that remnants of the Pennsylvanian also exist in the 
county. 

The small area in which the limestone is near the surface and 
the Cretaceous deposits are absent occupies the northern and 
eastern parts of Clinton township (T. 92 N., R. 31 W.) and some 
adjoining territory. Its margin passes through the village of 
Gilmore, northwestward to a point west of Rolfe, and thence 
turns northeast. Along this margin the limestone surface de- 
scends with relative abruptness, passing beneath the Cretaceous 
accumulations to depths that are never reached in ordinary 
wells. In Gilmore this limestone surface was found to drop 80 
feet between two wells 150 feet apart, and other similar evi- 
dence suggests that in some localities there Ay be a buried 
limestone escarpment. | c 


UNDERGROUND WATER. 
SOURCES. 


The glacial drift, the porous Cretaceous sand strata, and the 
fissured Mississippian limestone are all three drawn upon for 
water. The first supplies numerous shallow wells, in many of 
which the yield is small and easily affected by drought; the 
second contains an abundance of good water, but yields it with: 
difficulty because of the sand (for remedies, see pp. 219-226) ; the 
third has a large supply of water and is very satisfactory 
throughout the small area over which it lies sufficiently near | 
the surface to be reached in ordinary drilling operations. 

Near Fonda the drilled wells have an average depth of per- 
haps 200 feet, though some extend to more than 300 feet; near 
Laurens they range from less than 100 feet to approximately 
375 feet and average perhaps 250 feet; near Pocahontas they 
average about 200 feet, but some are much deeper; near Palmer 
their average depth is between 100 and 200 feet; and near Rolfe 
they range from about 60 to 300 feet and average about 140 
feet. 

Two of the deepest wells in the county are the Chicago, Rock 
Island & Pacific Railway well at Laurens, which is reported to 
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enter sand at 190 feet and to end in sandstone at 490 feet, and 
the old Blanden well, in regard to which no information was 
obtained. 


HEAD. 


The water remains farthest below the surface in wells on 
the relatively high area in the northwest and comes nearest to 
the surface in those on the lower ground in the southeast, where 
indeed in the valley of Lizard creek several flows have been 
struck. Relative to sea level, however, the water rises highest 
in the northwest area and remains lowest in the northeast, where 
it is drained from the limestone into the Des Moines valley. 
These conditions are shown in the following table, which is based 
on wells that end in the lower part of the drift or in the sub- 
jacent sandstone or limestone: 


Head of the water in Pocahontas County. 











| o 
Sa Height to 
£2 | which the 
sf water rises 
ww BS 
Location Of » ° 
oO o oO a 
BS | Fe | es 
= 2 2 Ss ° e 
| Oa Sen 
< Q < 
Feet Feet Feet 
L@Uurens oe eee ens ee Seen cea eee eee 1,312 | — 65 1,247 
FONGS wasaccncanscnckscasadacasapedctomansecs oc ae mek nap nee eee ee eee eices hae ce 1,220 
Havelock | soar an core on bran eben ress egos cee ene naan pea a a cene ees ncn se yee ee 1,207 
Pocahontas \ Suncccnac cn esee ee meen cn sncnenanaiiacen neas ce senn sepa aaweemenan saa 1,225 | — 20 Ls 
PalMeD )2d2se nd sclesde cons pans cee ania es ae eee Awa Sac aks mn paar en se ee 1,214 
Lizard creek: 2. eT ee a ae aan ene te eee Ce ae 
Ye eS es a ER ge It aR pe Sk ES Se ee ey le ee EN 1,120 
Gil Ore Sasori he ee ae ca oe wr 1,107 








DRAINAGE WELLS. 


In the area of limestone wells a number of small swamps on 
the drift surface are: being drained downward through wells 
into the underlying limestone. This method of drainage is of 
course possible only in areas where the head of water from the 
limestone is considerably lower than the ground-water table of 
the drift, but because of the leakage from the limestone in the 
valley of Des Moines river this is here the usual condition. 
Drainage wells have not proved entirely successful because of 
their rapid deterioration, which is probably due to the sediment 
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that is carried into them with the water. Wells discharging 
into the sand strata have been less successful than those which 
empty into limestone, because the pores between the grains of 
sand are much smaller than the crevices in the limestone, and 
hence they conduct the water away less freely and are more 
easily choked with sediment. 


CITY AND VILLAGE SUPPLIES. 


Fonda.—tThe village well at Fonda (population, 978) ends in 
sandstone at the depth of 331 feet. It has been tested at the 
rate of about 400 gallons a minute. The water rises within 14 
feet of the surface, or approximately 1,220 feet above sea level. 
It is pumped into an elevated tank from which it is distributed 
by gravity through about three miles of mains to which are at- 
tached 16 fire hydrants and 95 taps. It is estimated that about 
600 people are supplied, and that 50,000 gallons of water are 
consumed daily. 


Section of village well at Fonda. 

















Thick- | 3epth. 

ness 

Feet Feet 
PeMBBtGmyElOW (CIB Vier Clay ae OU uo seeen cee ear ee eee oe eS ee 197 1 
IIE MTCEOTA VO). «so nc\ cesta eee ee eet ee en ae ne tae Cnoe ae ma cnna nee soewenscnenacceees! 23 220 
OC py ay fe PAM a CR a bi lg ag pipe) de ee a ee ae le ee ea 53 273 
SEO UES Se I oe a i i re pa i RE Sy a ey 7 280 
Shale, blue and red; limestone, sandstone, etc.; sandstone (entered) ~----.---.--- 51 331 


Beneath the strata penetrated in the village well, sandstones 
and shales of the Pennsylvanian may be expected, and shales 
which will merge into the great dolomitic series extending with 
little interruption to the shales of the Platteville immediately 
overlying the Saint Peter sandstone. Norton’s estimate places 
the Saint Peter somewhat more than 1,300 feet below the sur- 
face. No flow can be expected, but by casing out the upper 
waters a less heavily mineralized supply than the present could, 
according to Norton, be obtained. 

Gilmore.—The village of Gilmore (population, 689) has a pub- 
lic well but no waterworks. The well is 244 feet deep and enters 
limestone at the depth of 200 feet. 
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Laurens.—The village well at Laurens (population, 817) is 
229 feet deep; the beds for the first 190 feet are reported to con- 
sist mainly of clay and for the last 39 feet of sand. The water 
rises within 65 feet of the surface, or 1,247 feet above sea level, 
and has been pumped at the rate of 35 gallons a minute. It is 
raised into an elevated tank, whence it is distributed by gravity 
through about a mile of mains to six fire hydrants and about 
40 taps. It is estimated that 200 people are supplied, and that 
12,000 gallons of water are consumed daily. 

Pocahontas.—Perhaps one-third of the people of Pocahontas | 
(population, 987) use water from the public supply, and the 
rest depend on private wells, many of which are shallow. The 
village well ends in sandstone at the depth of 248 feet, and has 
been pumped at the rate of 150 gallons a minute. The water 
rises within 20 feet of the surface, or about 1,205 feet above 
‘sea level. The waterworks consist of an air-pressure system 
with nearly two miles of mains, to which are attached 18 fire 
hydrants and about 40 taps. The average daily consuiane ad is 
FUME to be approximately 20,000 gallons. 


Section of village well at Pocahontas. 

















: Thick- | Depth. 
i ness. | ; 

: | Feet Feet 
Olay wan nn nn nn nn nn nnn nn nn nnn nn ne nnn een ne ee tenn ne enn ennee 120 1 
‘SAR Gos a a ae ee rte on rae ep eee a eer er pte ee 108 

re sandstone (entered) wa 5. <2 Sede oc oe eee eee 20 248 











 Rolfe—The village well at Rolfe (population, 954) is 108 feet 
‘deep; all but the first eight feet of which is in limestone. The 
water stands 40 feet below the surface, or 1,120 feet above the 
Sea, and has been pumped at 40 gallons a minute. It is lifted 
into an elevated tank from which it is distributed by gravity 
pone a ee of mains, about 7,000 gallons being used daily. 
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SAC COUNTY. 
BY W. J. MILLER. 


TOPOGRAPHY AND GEOLOGY. 


Sac county may be divided into eastern and western topo- 
graphic provinces. The eastern province is covered by Wiscon- 
sin drift and shows the generally level surface characteristic 
of that deposit. North Raccoon river flows through it in a 
southerly and southeasterly direction, cutting its valley to a 
considerable depth below the general level. The western pro- 
vince is loess-covered and is distinctly more hilly than the east- 
ern. Boyer river flows across it from north to south. The west- 
ern boundary of the Wisconsin drift practically constitutes the 
drainage divide in this part of the state and it is 2 region of 
unusually high land. 

Of the drift formations, the Kansan extends over the entire 
county, being overlain by the Wisconsin in the east and by the 
loess in the west. Rocks of Cretaceous age may be found be- 
neath the drift in all parts of the county. 

The drift deposits are in general horizontal, and the older 
rock formations lie either flat or dip slightly eastward. 


UNDERGROUND WATER. 
SOURCES. 


There are two important water horizons in the drift, one at 
the base of the Wisconsin and the other at the base of the 
Kansan. A large number of wells sunk to these horizons fur- 
nish a good supply of water of excellent quality except for its 
hardness. The Cretaceous and older rocks afford a third source 
of water. 

Over the whole county the most certain and satisfactory aqui- 
fer in the surface deposits is the sand or gravel at the base 
of the Kansan drift. The drift is unusually deep over the region 
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and this aquifer is known to be at a maximum depth of at least 
480 feet, and has nowhere been struck at a depth of less than 
130 feet. As a rule it lies deeper in the western part of the 
county because of the greater thickness of the drift there. In 
some wells, as in the abandoned wells at Odebolt and Schaller, 
water from this deposit is so highly mineralized and so full of 
organic matter as to be unfit for use. 

In the eastern or Wisconsin drift-covered region an impor- 
tant water bed is the sand or gravel at the base of the Wis- 
consin. This aquifer ranges in depth from 50 to 100 feet, but 
in many places is missing. A few wells obtain a fair supply 
of water from local sand or gravel pockets within the blue 
clays of the Kansan or the Wisconsin drift. 

In the western or loess-covered region water is obtained in 
some places from a sandy layer within or at the bottom of the 
loess. Many shallow wells derive water from this source, but 
the supply is often seriously affected by varying seasons. 

As compared with the counties of central Iowa, Sac county 
contains but few ‘‘rock’’ wells. Such wells receive their water 
mostly from Cretaceous sandstone. 


PROVINCES. 


Sac county may be divided into two underground-water prov- 
inces—the eastern or Wisconsin drift-covered area and the 
western or loess-covered area. The chief difference between 
the two is that in the former there are two clearly defined water 
horizons, one at the base of the Wisconsin and the other at the 
base of the Kansan; whereas in the latter there is but one, at 
the base of the Kansan. 

A few flowing wells are to be found in the eastern province. 
These wells, south of Sae City, are on low ground along a trib- 
utary of North Raccoon river, where the head is great enough 
for overflow. Good well records are not available, but it is 
thought that the water comes from the important aquifer at 
the base of the blue Kansan clay. : 
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SPRINGS. 


Some springs of large size are. found along North Raccoon 
river, the most noteworthy ones being those leased by Sac City 
for a water supply. Other springs occur along the river, such as 
that on the William Harrold farm across the river from Sac City 
and a so-called ‘‘sulphur’’ spring on the M. Judd farm, two 
miles south of Sac City. All these spring waters are heavily 
eharged with carbonate of lime and are locally called ‘‘petri- 
fied’’ springs because their waters incrust objects thrown into 
them. Some smaller springs or seepages are found along other 
stream courses. 


CITY AND VILLAGE SUPPLIES. 


Sac City—The water supply of Sac City (population, 2,201) 
is drawn from springs. The water is led into a tank whence 
it is pumped by steam to a standpipe. The direct and gravity 
pressure is 80 pounds. There are three miles of mains, 27 fire 
hydrants, and 327 private hydrants. About 1,800 people use 
the water, which is plentiful but hard. 

The springs, which are four in number, are located along a 
small branch of North Raccoon river about one mile north of 
the city. They emerge from the slope of the branch, the water 
apparently coming from a gravel layer in the yellow Wisconsin 
clay. The flow is about 1,000 barrels a day, the supply being only 
slightly diminished in very dry weather. The temperature of 
the water ranges from 52° to 56°. The water incrusts boilers 
considerably. Each of the four springs has been carefully 
cleaned out, built up with cement tiling, and is kept covered 
and locked. A pipe leads from each spring into a four-inch main 
which in turn extends about three-fourths of a mile southward 
to a reservoir at the pumping plant. From the reservoir the 
water is pumped into a standpipe. 

The well of the Chicago & North Western Railway has a 
depth of 379 feet. It was completed before 1900 by William 
Burge, of Lisbon, lowa. 
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Driller’s log of well at Sac City. 




















Thiek- | Depth. 

ness. 

Feet Feet 
Pill, yellow schoo ae wes as ce eS oe oe hl ee 15 15 
Sand and coarse gravel, mixed -22 2.2220 eee eee 12 27 
Clay, blues mixed: with cobble:stones 2... -.2- 5. res ee cee 85 112 
Sand, gray ‘and*fine Gwater bearing) <2 2o ree eee ee ere 5 117 
Olay, blue: ‘mixed ‘with coarse. gravel-—..22--- 3-2-2 a ee 77 194 
Sand, gray; fine, ending coarse (water bearing) -~..-...-._--.-__--___-___+-.__--.___= 8 202 
Gumbo, hard, black; will not mix with water; will burn ~-----_---.._-__--_-------- 8 205 
Clay, dark blue and varying to a light color, but the last 5 feet mixed with coarse 

gravel and very hard 2-5 So a ee ee ee 133 338 
Ooal, ‘Durne well "2c. 52 Sek ed Se Ee Be ie OR ee ee eee Seen ee 1 839 
Hard substance; coal churned with it, so could not tell what it was__--__.-._______ 8 842 
Olay! -jhard;: blue; and gravel mixed 2227-322 So ee ee ee ee 5 847 
Sand, blue, fine at top, coarse at bottom; full of water; water rose 230 feet in 
pipe.and the sand forced up 100 feet — = ee eee 6 358 

Sandstone; compact, hard (2 eee rr ee ne 8 361 
Coal --.-----__----------------------------------------------------------..----__--_------- 13 3623 
Sandstone, light ~-----------~---------------~---~-~----_..-._--. ee 143 377 
Slate ..---------------------------------------------------------~---------------.--------- 2 379 





Sac City is 1,196 feet above sea level. Its artesian forecast 
by Norton is rather favorable on the whole, although a well 
tapping the chief water beds of the Iowa artesian system must 
necessarily be a deep one. The drift with its clays and sands 
may be expected to be thick, and below it occur various strata 
of Cretaceous and Carboniferous age, chiefly shales. Lime- 
stones and dolomites of the Mississippian and lower terranes 
extend with some interruptions of shaly beds for more than 
700 feet to the shale of the Platteville. This green shale, which 
in many places is fossiliferous, caps the Saint Peter sandstone, 
which should be here found at 100 to 200 feet below sea level, 
or 1,300 to 1,400 feet below the surface. For a town as large 
as Sac City the drill hole should be carried a few hundred feet 
deeper, or to 1,600 or 1,800 feet, in order to tap the large sup- 
plies usually to be found in the dolomites and sandstones under- 
lying the Saint Peter. The contract should be drawn for several 
hundred feet more than the most liberal estimate of needed 
depth, but drilling should be stopped on reaching the glauconif- 
erous shales of the Saint Lawrence formation. Casing may be 
needed in the shales of the Carboniferous, the Cretaceous, and 
the Platteville, and also in the Maquoketa shale, should this 
formation extend so far to the west; but below the Pennsyl- 
vanian the drill hole will be mostly in solid limestone to the 
Platteville, which immediately overlies the Saint Peter. 
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Water may be expected but can not be assured in the different 
limestones, especially in the Mississippian and Galena, but the 
chief supply will come from the Ordovician and Cambrian sand- 
stones. é 

Mior supplies.—Minor water supplies in Sac county are 
summarized below: 


Minor supplies in Sac County. 























n S 
Pressure} 8 a fe" 
aS es AM dle a | 
i g ge | Wa aa 
Nature of Pumping et ° om m a aq 
Town supply Syetetn 3 2 Ee E a 9 Remarks 
— o ~_ fo} a 
$182} ¢/ ea 2| 38 
24 eo) Be oO amet a o Sim 
A QA} & A |e) ela} Am - 
Thou- 
sand 
Ibs.| Ibs. | Miles gals. 
Early ---_-| Well 154 feet] Gasoline Gravity | 35) + 35 1 | 11) 40) 200; + 4.0|Good supply of 
a deep. engine and| ~ medium hard 
windmill, water, 
Odebolt __.| 2 wells 25 feet} Steam --do-.-| 48) 100 14)|---|100/ 800} 18.0/Good supply of 
A deep. engine. hard water. 


Schaller ..| Well 12 feet} Steam pump|__ do -_| 40 |+ 40 2 | 12| 30| 175)9 to 15|Fair supply of 


























deep. medium hard 
: F ; water, 
Wall Lake! Well 25 feet) Gasoline PAd0t-l 87 \ns 2%| 12/140) 750; 51.0/Good supply of 
: deep. i engine, | medium hard 
: Triplex ; water. 
’ pump. H 
WELL DATA. 


The following table gives data of typical wells in Sae county: 


Typical wells of Sac County. 

















. G S 
I o a 
=) 4 : 
2 : ae : ° ° Remarks: 
Owner Location oa fa 3 (Logs given in feet) 

we) ~ Hp uo} 
2 r=) 3 3 
7) o om o 
a A n ee] 





Feet | Feet 

1OO deces= | Sang » <.---= — 90 \Yellow clay, 25; blue 
clay, 25; black mud 
with very bad odor, 22; 
dry sand, blowing out 
air, 58; blue clay, 44; 
sand and water, 6. 


A. J. Masteller.__|Southwest of Sac 
City. 





F. H. Woods.—..|14 miles west of} 203 |._.-__./Sand and |------..-- 
Sac Oity. gravel. 
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Typical wells of Sac County—Continued. 
cs} 5 
S 
A ° ° Remarks: 
Owner Location i = @ (Logs given in feet) 
ve} 4 = "S 
Bae ge & 
‘a fas ee ae] 
Town: soe se OGevolt..----se=e ee Te ee Sandee — 5 |Open well, steam pump. 
Town - eee Odebolt. 2-2 Es SOO ry tees Sand 7 cs |oso Soil and muck, 10; sand 
and gravel, 1; blue 
clay, 80; yellow clay, 
with bowlders at bor- 
tom, 50; blue clay, 
with streaks hardpan 
and gravel, also struck 
“sea mud,’ 192; sand 
Mrs. O. M. Hop-| and water, 23. 
RNS eee oe eee 53 miles east of] 62 |_----- Gravel seo — 30 
| of Wall Lake. 
Chas. Hecthner_-|7 miles southeast} 80 |_----- OO pees — 15 |Bored, 2 feet tiling. 
of Sae City. 
Walter Sneering__|54 miles east of| 8&4 |__--_- AEG R Ee, — 25 Do. 
‘Sae City. 
Dan Rowe -------- 54 miles southwest} 57 |___.. |Sand and + Bored well, 2 feet tiling. 
| of Sac City. gravel Flows 13-inch stream. 
Geo. Speck dosed ile! 5 ee NOTth! Off cose eae Oo eee —240 
arly. , 
OZ O.7rPorierm.-c: 6 miles southwest) 482 |_-__-- pe ys (0 Nie —266 |Black soil, 4; yellow clay 
of Schaller. (some gravel), 753 
: sand, 2; blue clay and 
some gravel, 272; dry 
sand, 18; ocher clay 
and blue clay, 19; hard- 
pan, . 123" sand "ena 
gravel (water), 30. 
J. ©. Bodine..._.|5 miles southeast] 402 |______ Sand 2.2.2. — 68 
of Schaller. 
Po ravertse 34 miles north of| 129 |____._|Gravel —_--. — 40 
Odebolt. 
Mrs. E. Murrey_-_|Schaller —-..-__---. 851} 3845 |Shale (?) -- —242 |Black soil, 4; yellow clay, 
70; dark (blue) clay, 
50; yellow clay and blue 
Clay, 216; hardpan, 5; 
shale (water), 6. 
C. N. Search...___|2 miles south of} 400} 390 |Sandstone _ —140 |Pumped by windmill and 
Newaha, gas engine. Yellow clay 
(some gravel), 30; blue 
clay, 70; sand and some 
water, 15; yellow clay, 
45; blue clay, 230; sand 
: rock and water, 10. 
Frank Smith --._|4 miles north of| 480| 468 (?) —240 |Water bed unknown, 
Early. contains pyrites. 
W. D. Holdridge_|9 miles southeast] 260} 240 |Sand -____-. —140 |Yellow clay, 40; blue clay 
of Early. 60; yellow clay and 
sandy layers, 60; blue 
clay, 75; sand and 
water, 6; shale, 18; 
coal, 13. 
Olty) Se Sees) Weall-Lake! 2 222A eto ee ee do _.--|—-6&—16 |Maximum yield 147 gal- 
lons per minute; de- 
Ohicago & North creased account sand. 
Western: Ry... -2-tAuburn) £- 0-22 22= a! 122 1316 Sandstone 21.2 
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SIOUX COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


The gently undulating upland surface of Sioux county is 
trenched by the valleys of several southwestward-trending 
streams leading to Big Sioux river, whose deep and wide valley 
forms the west border of the county. The uplands are under- 
lain by glacial drift with a thin veneer of loess, and the prin- 
cipal valleys contain deposits of glacial outwash and recently 
formed alluvium. Beneath the drift and the valley deposits lie 
Cretaceous shales, sandstones, and impure limestones, some of 
which are exposed in the Big Sioux valley farther south. 


UNDERGROUND WATER. 


SOURCES. 


The water supply is obtained from glacial outwash and re- 
cent alluvium, glacial drift, Cretaceous strata above the Dakota 
sandstones, Dakota sandstone, and lower formations. 

The glacial outwash consists in large part of beds of coarse 
clean sand and gravel which, because of their great porosity, 
their favorable situation for receiving drainage and seepage 
from the uplands, and the impervious formations beneath them, 
contain a large and permanent store of water, of high value 
by reason of its abundance, its excellence, and the ease with 
which it can be obtained. Although this outwash occurs over 
only a small part of the county, the water is largely available 
for municipal supplies, because most of the cities and villages 
are located near streams. Though normally of good quality 
especial precautions are necessary to prevent its pollution, be- 
cause, in most cases, the city is built on the valley slope which 


drains into the valley flat where the well is located. 
69 
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The glacial drift furnishes most of the water used in the 
county and is relied on almost exclusively in the upland districts. 
Many bored wells end in the surficial portion of the drift, from 
which they derive supplies that are small in amount and that 
frequently fail completely in dry seasons. Deeper bored or 
drilled wells, however, reach seams of sand and gravel in the 
lower portions of the drift and thus tap water that is under 
considerable artesian pressure. Unfortunately in some parts 
of the county these deeper water-bearing beds are not found 
in the drift. | 

The deepest drilled wells penetrate the Cretaceous formations 
and are supplied from the Dakota sandstone, or perhaps in 
some places from higher sandstones or limestones. The Dakota 
contains large and permanent supplies but the water is hard — 
and ferruginous and the sand causes trouble by entering the 
wells, especially if the latter are of the small ‘‘tubular’’ type 
or are pumped rapidly. In the northeastern part of the county 
the water rises to about 1,225 feet above sea level. In the cream- 
ery well at Hull it rises to 1,228 feet and in the deep wells at 
Primghar (O’Brien county) to about 1,225 feet. Farther south- 
west the head is lower, evidently because of outcrops of the 
formation in this direction and consequent leakage. At Hawar- 
den the water rises apparently to only 1,150 feet above the sea, 
and at Le Mars to only 1,142 feet; farther southwest it remains 
still lower. In the northeastern part of the county the level to 
which water from this formation rises is about 200 feet below 
the upland surface. In the valley of Big Sioux river the arte- 
sian head is only slightly below the flood-plain surface but— 
there is no evidence that flows can anywhere be obtained. | 

The only well known to penetrate formations below the Da- 
kota is the deep well at Hull, which obtained unfavorable re- 
sults. , 

, -QITY AND VILLAGE SUPPLIES. 

Alton.—The waterworks at Alton (population, 1,046) are 
supplied from large open wells sunk 20 feet into the saturated © 
materials in the valley of Floyd river. Until recently the sup- - 
ply has not been adequate but a large new well has been dug ° 
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which will probably yield more than sufficient to meet present 
demands. The system consists of a standpipe, two miles of 
mains, 20 fire hydrants, and approximately 100 taps. A large 
proportion of the inhabitants use the public supply. 

Granville—The village well at Granville (population, 400) 
is four feet in diameter and 40 feet deep. The waterworks con- 
sist of an elevated tank with a short system of mains and three 
fire hydrants. The water is used almost exclusively for fire 
protection, the domestic supply being drawn from numerous 
private wells. 

Hawarden—The public supply of Hawarden (population, 
2,107) is derived from sixteen two-inch driven wells 23 feet 
deep, which penetrate a layer of alluvial gravel. The water is 
pumped directly from these wells into about two miles of mains, 
with which are connected 16 fire hydrants and 159 taps. Ap- 
proximately 800 people are supplied, the average daily consump- 
tion being about 50,000 gallons. 

Hull.—The waterworks at Hull (population, 658) consist of 
a tank elevated upon a tower and one-fourth mile of mains with 
four fire hydrants. Little use is made of the water. The city 
well is 1,263 feet deep, and the diameter is ten to six inches. 
The well is cased to 800 feet, and the water is reported to come 
in part from about that depth and in part from 340 feet, where 
the casing is said to have been opened. The curb is 1,433 feet 
above sea level, and the water stands at 230 feet below the 
surface, or about 1,205 feet above the sea, which is nearly the 
level to which the water from the Dakota sandstone rises in 
this vicinity. The supply is ‘‘abundant,’’ the capacity being 
29 gallons a minute. Temperature 58° F. The well was com- 
pleted in 1892 by Rodgers & Ordway, of St. Paul, and was re- 
paired in 1907 by inserting 306 feet of new casing. 

Little is known of the sequence of strata except that the drift 
extends to at least 190 feet and that at 755 feet there begins a 
succession of alternating beds of sandstone and quartz porphyry 
whose record is given by Beyer.* 


1Ann. Rept. Iowa Geol. Survey, vol. 1, p. 168, 1893. 
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Description of strata below 755 feet in city well at Hull. 
Depth in feet. 


Quartz porphyry, compact, ‘olive-sreen 222-225 oe eee ee ee 775-800 
Sand rock, fine-grained » i.W 22-2. ob ee ee ee ee ee ee 800-802 
QuartZ Porphyry, esses sees scent oe ee ee ee seed ee 802 
Sandstone, coarse-2Trained  ‘2+-<21-<.2--- 5 re nee sees ee ae eee 825 
Quartz, porphyry! —.= 2-3 a eee 832-840 
Sandstone; finée=frained * <....W22- 206 a eee an ee 840-860 
Conglomerate | 2 n 3222s ann ne cnc ae dn an noee penn ee ean e ene eee 866 
Sandstone, fine-grained  <. 2icncdcccencce sear cnanndossaduedes «dese ecescaas aeee eee 880-900 
Quartz porphyry; the drillings contain also angular fragments of quartz 900-930 
Sandstone, fine-grained --.-.----.-------2--2. pS eS Ee ee. eee 930 
Pebbles, waterworn; fine sand adhering... _.__- eee 930-935 
Quartz porphyry, decomposine | 22 oe eee nee oe 935-940 
Quartz ‘porphyry;. perfectly fresh oss. 2282 ere 944 
Quartz porphyry, decomposing 2-22. - 5. oa ae ene enon eee oe ae 949 
Quartz*porphyry <.22 2 Sera ns ee ee eee ee 975-990 
Sandstone 2.22. o2 ol wee a ee eee se teens Meee tes asmene ne eaee Seen eee ee 990, 
Quartz . porphyry anseso once kencacandal ce eae teen nana crew eee es eessaee aaa 1, 194-1, 220 
Sandstone, fine-grained) 22-.2.-----_ ee ee eee 1, 228 


The entire section is regarded as pre-Cambrian. 

Ireton.—The waterworks at Ireton (population, 631) are sup- 
plied from four wells three feet in diameter and 12 feet deep. 
The water is pumped by a windmill from the wells into a reser- 
voir, and by an engine from the reservoir into an elevated tank. 
About a mile of mains supplies 12 fire hydrants. The water 
is not considered fit for domestic use, and the people depend 
largely on rain water, which is stored in cisterns. 

Orange City—Until recently the public supply for Orange 
City (population, 1,374) was taken from a drilled well 215 feet 
deep, but difficulty with the screen made it necessary to abandon 
the well, and two shallow dug wells, whose combined yield is 
only about 4,500 gallons a day, were temporarily brought into 
service. There is an elevated tank and about a mile of mains 
with nine fire hydrants and 28 taps. 

A deep well was sunk in 1911 for city supply to a depth of 
562 feet, by G. L. Savidge, of Sioux City. The diameters are 
eight inches to 331 feet and six inches thence to the bottom. 
Water was found at 300 feet and in sandstone from 410 to 562 
feet. The head is 25 feet below the surface. The pumping 
capacity at completion is stated to have been 20 gallons a minute. 
It is also stated that the well ‘‘will hold out at 75 gallons.’’ 
The cylinder is placed at 321 feet below the surface of the 
ground. The well is cased with eight-inch casing to a depth 
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of 331 feet, below which is 144 feet of six-inch and 110 feet of 
four and one-half inch casing, 60 feet of each of the latter sec- 
tions being perforated with one-half inch holes to admit water. 
No packing was used. The cost of drilling was $2 a foot. Un- 
fortunately it proved impossible even with the cooperation of 
the town officials to secure any samples as the drilling progressed 
or any accurate log. A sketch of the well made by the driller 
indicated the following sequence: 


Log of well at Orange City. 








Thickness | Depth 











Feet Feet 
aIOuIWwEe PrODADIY LATRely Oli thers oe ee rc ee ee cece sae 33 331 
CG, 0 SR SE ais ooo ae ee eee en eee eee 8 339 
Woy SDC RO RE Pee oa ie a i a ce a A ee ? 73 ? 412 
Racecouee NOt. VGry MUCH EWOLOR et ne a ce en re ean ne nee nsemecees== Aa a 


Ln) 2 eS a 
POMEL OUNG 2 WHLTG 5 BO LG ca a a oe os a eee na a eee 50 562 
Olay, blue. 





Rock Valley.—tThe village well at Rock Valley (population, 
1,198) is 10 feet in diameter and 30 feet deep, ends in gravel, 
and has been tested at 300 gallons a minute. The waterworks 
include an elevated tank, one and one-quarter miles of mains, 
18 fire hydrants, and about 80 taps. Approximately 400 people, 
or one-third of the population, use the water, an average of 
25,000 gallons being consumed daily. 


WOODBURY COUNTY. 


BY W. J. MILLER AND W. H. NORTON. 


TOPOGRAPHY. 


Woodbury county may be divided into two topographic 
provinces—the Missouri river bottom, which occupies the west- 
ern side of the county, and the rugged highland region, which 
extends eastward from the Missouri river bottom. The line of 
separation between the two is rather sharp, the flat swamp lands 
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of the river bottom coming abruptly against the characteristi- 
cally very rugged hilly region. 

The largest stream in the county is Little Sioux river, which 
flows across the eastern end. West Fork of Little Sioux river 
flows across the central portion of the county from north to 
south. Both these streams have numerous branches which 
greatly dissect the region. 

GEOLOGY. 


Of the drift formations, the Kansan and the loess are both 
well represented, each extending over the whole county except 
along the Missouri river bottom, where both are mostly eroded 
away. Clays and soft sandstones of Cretaceous age lie imme- 
diately beneath all of the drift, and good exposures may be seen 
along Missouri river. As far as known, all the geologic forma- 
tions of the county lie approximately horizontal. 


UNDERGROUND WATER. 
SOURCES. 


Water is obtained by shallow wells from the alluvium of the. 
Missouri river bottom and from the loess. Deeper wells strike 
the aquifer beneath the Kansan or the Dakota sandstone. A 
well at Sioux City extends far into the Algonkian. 

Except in and about Sioux City, most of the wells of the 
county are shallow surface wells, though there are a few deeper 
drilled wells. The numerous wells furnish a good supply of 
water, which is almost always hard. i 

In the drift deposits there are two water horizons—one in 
sand or gravel below, or sometimes within the loess, and the 
other in sand or gravel below the blue Kansan clay. The com- 
bined thickness of the Kansan and the loess is much less in 
Woodbury county, as a rule, than in the next county to the east 
(Ida), and these water horizons are proportionately nearer the 
surface. The loess appears to range in thickness from nothing to 
60 or 70 feet, and most of the wells of the county are shallow 
(20 to 80 feet) dug wells, whose water comes from the loess 
itself or from sand or gravel just below it. Many of these 
shallow-well supplies fluctuate according to seasons. 
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_ A much more clearly defined and persistent water horizon 
is that of the sand or gravel at the base of the Kansan, although 
comparatively few wells are deep enough to reach it, its depth 
ranging from less than 100 feet along stream bottoms to 300 
feet in the high land. Locally, water-bearing sands may be 
struck within the blue clay itself. 

Along the Missouri river bottom many shallow driven wells 
are obtained by going from 15 to 45 feet in the alluvial deposits, 
in which many sand or gravel layers are charged with water. 
The head of water in the wells generally responds to the rise 
and fall of water in Missouri river itself. 

The Cretaceous rocks below the drift or alluvial deposits con- 
tain some important water-bearing beds, especially in the vicin- 
ity of Sioux City. The rocks and soft sandstones yield large 
supplies of water in numerous places at depths ranging from 
a few feet to 500 feet. 


PROVINCES. 


- Woodbury county may be divided into two underground-water 

provinces—the Missouri river bottom, where many shallow 
wells derive water from Cretaceous sandstones, and the larger 
province east of the river bottom, where water is obtained 
largely from the loess and the Kansan drift and where a few 
deeper wells obtain water from the Cretaceous rocks. No flow- 
os wells have poee noted in the county. 


SPRINGS. 


Patsy eal springs emerge ‘from the loess or the Kansan 
drift. along the main stream courses. : 


‘CITY AND VILLAGE SUPPLIES. 


Sioux City.—Sioux City (population, 47,828) draws its supply 
from two groups of wells. The water.is pumped by steam and 
is distributed under gravity and direct pressure of 110 pounds. 
The wells at the Main Street station are 97 in number, com- 
prising 90 driven wells from 90 to 100 feet deep and seven 
drilled wells more than 300 feet deep. Those at the Isabella 
Street station are 19 in number, one drilled to a depth of 371% 
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feet, and 18 driven to between 75 and 78 feet. The wells yield 
a good supply of medium hard water; 1,680,000 gallons are used 
daily. There are 58 miles of mains, 325 fire hydrants and 4,500 
taps. 

The drilled well at the Isabella Street Station has a diameter 
of 10 inches. The water heads 24 feet below curb. 


Record of strata in city waterworks’ well, Sioux City. 


[Based on driller’s log ] 











| Thickness | Depth 
Feet | Feet 
Pleistocene: 
Sandy ‘Clay ) oc. cot ock Se a eo ae ae ee ree ree 35 85 
Fine gravel: and water (ico oe ee oe ee oe on ee ee ee oe 13 48 
Oretaceous: 
Gray shale:or clay: —-..22>.20...2oes a ee eee eee eee 82 
Sandstone, fine-grained, light colored, and water_-_-----------..--.--_.-._.- 36 116 
Sandstone, yellow; with: layers of shale: 2 eee 20 136 
Shale, pink and: Dlue 22s See ee ee eee eee 11 147 
Shale, gray and. blue Soe ee eee 21 1 
Sandstone, coarse. ~~~ — 22. See ee ee en ee eee eee 67 235 
Sandstone, finer, light gray Ee eee 27 262 
Pyrite and Penite. <n on a a a re ee ee 31 293 
Sandstone, fine, light gray 255-28 Sie eee eee eee eee 2 295 
Sandstone, white, fine-grained (2823 2.252 ee ee ee eee 19 814 
Sandstone, darker and coarser ~---—- ena e ASD SR Sie: ge oe ee 33 347 
Sandstone, coarse; limestone fragments — ae SR SS ne ren eee ee BD 11 358 
Sandstone, ‘etc.; as above but coarsersc. 5 eee eee ee 3 361 
Sandstone, very COBTECS WAC? 2 a gaan a oa esha e ea eee 10 871 





The well of D. A. Magee has a depth of 2,011 feet and a diam- 
eter of 6 inches to 1,270 feet; casing, 6 inches to 444 feet and 230 
feet of four inch casing, place not reported. The curb is 1,125 
feet above sea level and the head at curb. Water beds lie at 65 
feet (drift gravel), at 120 feet (yielding 120 gallons a minute), 
at 570 feet (heading 12 feet below the curb), at 1,250 feet (flow- 
ing 3 gallons a minute), and at 1,480 feet (pre-Cambrian). The 
discharge is 6 gallons a minute; temperature, 70° F. The well 
was completed in 1882 by Marrs & Miller, of Chicago. 

The water of the well is strongly mineralized, containing 
large amounts of the sulphates of calcium, magesium, and 
sodium, and has been sold for medicinal purposes. 
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Driller’s log of Magee well (Sioux City Waterworks Company) at Sioux City. 
























Thickness | Depth 
Feet Feet 

CEL ORERC) COLOR pil ES aA nf etl pment ee 60 60 
OSEUG)) <0 a Se ee a 25 85 
NCCU). eS io 2 a ee eee ae — 54 139 
foc GC ae ap a Oe ee ee ee 2 141 
PREICCORG MDT OW! cee ae eee ene ee gen te a eae cane teeeeasetasnaa 84 175 
OO OA S02 pes a ea a a Ee ee ee ae 100 275 
Os toh) CCP ee es a ee ee 155 430 
UAC ey Pg gp ee Sp ape a pa nee ee a ee See ee 110 540 
OT LG OIC tie es et Le ee ee Bel Seon es ee ee eer 30 570 
LOOT a Py i aE ate 5) 2 oe ee ee ee 50 620 
PUMICE LLINCStODG po coast sone ee a ere a ee nw ease naw etee a nwaanon 35 655 
SERRE ESC ENING“ WW TLU UG) fe ne eee ee ee a eee ee atceeeeaecenesess 100 755 
Ps) UP CRT Ta) Cah girs Al ee te ee 2 = Se ee 30 785 
oP OT TAN ECTS COMES ES gs BE a Se a ne a 20 805 
Par Ler epee 2 ee ee oS eB ee Flo eact oot eaaeeaacduacncens 98 903 
Ti Gh) a a ce tp kg Ne a 2S ae ees 10 913 
UKE: 2, = ee RI RT ia a Ee RE Se ea ee eee 12 925 
vB) Tati op 2 a a ee ee ee ae ee 10 935 
UPC jc ye SRE oe jan a eae ee 5 940 
TAAL OT fa aI ey Ln a ES gee ey ee ee 5 945 
CEL. EST Gee A ee eg IS Coe EN ce ee 35 980 
CUD VETTE eS OS a el RR i Soe Se Bg eee A a 50 1,030 
he LEE a A Wp a cal ak a ne 70 1,100 
CPE 2 TS cecal RE ek Sa Boe ao ce ie UPR a a# 60} 1,160 
iaiomaud. limestone eres eee ee so 30 1,190 
TD LETTE CAMP TE ile Sa a ge Oe 60 1,250 
LBC epErei se) With SANG a comemen eee ne has a oe Vo oe 5 1,255 
Rardecones, DOTOUS(sainupEOLen ieee nes eee a Rees 15 1,270 
mana: MAL) 200s ee eee nes ee ns ea kt ON oe 25 1,295 
eM Tem RORY oe ce eee ee ens ek es 20 1,315 
Sandstone, micaceous. very hard; crevice giving water__ 165 1,480 
Sandstone, brown, micaceous; and lime, very hard__ 380 1,860 
Limestone, light colored__-....__...-._.____________.. 5 1,865 
Pandsroue ;AnGlimesn verve Narayan ee he ee Ret 146 2,011 





Record of strata in Magee well (Sioux City Waterworks Company) at 


Sioux City. 
Cretaceous: 


Depth in feet. 


Sandstone, light yellow; of fragmental quartz grains 


Undetermined Paleozoic: 


Dolomite, light yellow-gray; much fissile, green shale, in rounded 
lumps, and some quartz sand, both probably from above---__-_--__- 
Sandstone and limestone; mostly quartz sand, grains of moderate 
size, imperfectly rounded; also considerable limestone, light yel- 
low-gray, in small fragments, chips of hard crystalline gray dolo- 
toe aNd ela Oma sma DOV Ons gem pean es oe eco ae. Mees Ae 
Dolomite, gray; in sand; drillings largely chert----...-------_-.-----_- 


Dolomite, light buff; in sand, drillings chiefly white pyritiferous 
chert 


a a a a a ee oe oe oo ee ee ee ee 


Cambrian: ° 


Sandstone, bluish gray, argillaceous, pyritiferous, slightly calcar- 
eous; grains microscopically fine, subangular, 2 samples-_------------ 
Sandstone, white; some grains rounded and polished but most of 
rit. © DT Okie nmersmmmeetee ween nae cee oe eae eee eee ee ete ee 
Dolomite, highly arenaceous; embedded grains rounded, pyritiferous, 
and glauconiferous; pyrite in minute nodules -----.-..-.-..---..._.---.-. 
Sandstone, calciferous, pyritiferous, glauconiferous___-__-----..------ 
Sandstone, light gray; grains minute, not rounded-._.....=......----.-.. 
Sandstone, gray, calciferous; many rounded grains--------------.-.----- 
Sandstone, medium dark blue-gray, calciferous; grains minute; 
BIAUCONLECT OUD er amcase te eee cece wade tears oP Ne aes ene ea asescheahsgeun—cn3 


210 


530 


645 
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Record of strata in Magee well (Sioux City Water Works Company) at Sioux City, 
Jowa—Continued. 


Sandstone, highly calciferous, gray; minute angular particles of 
quartz, highly glauconiferous, with considerable green shale------ 1,160 
Pre-Cambrian: m 
Schist, soft, fine-grained; speckled with white and dark green-gray; 
so friable that a microsection could not be obtained; when pulver- : 
ized it is seen to be composed of quartz and chlorite_-__.-----_----___ 1, 260 
Schist or gneiss; contains quartz, feldspar, white and pink feldspar, 
black ferromagnesian mica; and a translucent apple-green mineral, 
probably, chlorite; 2 samplést ee ee eee 1, 320-1, 350 
Schists or gneisses, gray, brown, and black; micaceous, usually with 
biotite; much hornblende, 32 samples; at 1,860-1,865 samples are 


i 


ehiefly feldspar and: Quartz... ee eee 3 1727-2, 000 


The well of the Sioux City Brewing Company has a cones of 
215 feet. 


Record of strata in well of Sioux City Brewing Company. 











Thickness Depth : 











Feet Feet | 

@lay$ brown, difficultiy friable 22. ee ee 30 30" 
Shale, dark drab; carbonaceous inclusions from 30 to 56 feet; minutely quart- Rt 
ode Irdm 56 to). 08 Steet ee ee eee 68 98 
No* record {= meen cone ee enn nee ee eee ee 6 104: 
Sandstone, yellow; grains little rounded, seldom exceeding 0.4 millimeter in di- ‘ 
Cha) Dat ee i OER RS Sete a DK A RA pe ce ee 3 21 125: 
Sandstone, as above, but coarser; largest grains 1 mm. in diameter_ a = bes 


Shale, drab, PU te? Sane OES APS OT SRT ST eS 





Minor supplies—The following table summarizes the smaller 
supplies of Woodbury county: 
Village supplies in Woodbury Cosnin 


























n Ko) F 
a 8 2 Ae 2 2 g vs 
z p Be aoe | Beg s | 3 b 
Oity or 3 re s ° a S H D a 3 
town 2 5 Bee. se Bieta Bd we ge is 
a a = oo a Saleen | ae >d oe 2 
Sa 2 2 | ee 2) a] ereye| go) Se Ei 
— nm -_ = ~~ 
a oY A Qa ca H |/el/ae}a] A n e 
1,000 
Ibs. | Ibs. |Miles gallons 
Anthon | 98-foot Gasoline'*| Gravity Yee ae oe onl Gece|seoeoeae Good sup- Hard. 
well. engine. ply 
Correc- 18-foot Electric |_. do --| 45/| 100 13 | 20 | 50 | 850) 75-90. |__-_ ers =| Do. 
tion- well. motor; “ ‘¢ 
ville. duplex 
pump. 
Moville ~| 32-foot Gasoline |... do...) 4%gc 22 B |----| 51 | 420| 15.3 | Fairly Medium 
well. engine good hard. 
supply. 
Sloan -.| 13 driv- |Steam j|-- do --j/......| 12 S|) Boece eee Good. sup-| Hard. 
en pump. . ply. 
wells. ? ‘ 


























1For fire use only. 
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The following table gives data of typical wells in Woodbury 


county : 


Typical wells of Woodbury County. 








Owner Location 


Depth 


Depth to rock 


Source of sup- 


ply 


Head below 
eurb 


Remarks: 
(Logs given in feet) 





5 miles northeast of 
Smithland. 
13 miles north Smith- 


HeeDoOlan <=. ...- 


Oscar Button -... 





Henry Hein --.-.-/4 miles northwest 
Correctionville. 


B Delmater ...-..|14 miles southwest 
Correctionville. 
Miles southeast 
Correctionville. 


Hans Lahan -..|4 


— Margeson ---|7 miles west Moville_- 
City Sioux City 


Chieago, St. Paul,|.... do <..-.-...<..-- 
Minneapolis and 
Omaha R.R.shops 


Cudahy Packing|__._ do 
* Co 


° 


Logan Park Oem-|3 miles north of post- 
etery. office, Sioux City- 


Macx Dreyfus --|4 miles east of post- 


: office, Sioux City. 
ar Produce) Sioux City i 
Co. 


‘LOWD) = 2-22 ps —-= 








Feet 
24 


120 
98 


400 | 





355 


120 





350+ 


170 


110 





aaa el 


0 nnn 


Gravel and 
sand. 


Sandstone. 


Se OO eae 


pene GO cose 


G0) esse 
Coarse 
sand. 


Gravel_-__. 


Sandstone. 


SeeEs (ols ae 


Gravel____- 








mo 
~ oO 
Ne 


bw 
o Oo 


200 
210 


95 
24 


28 


19 


5-10 


No rock. 
Do. 


Gas engine pump. Black 
soil, 4; yellow clay and 
some gravel, 20; gravel 
and water, 20; bluish 
black clay, 20; gravel, 
sand, lignite, and water, 
34; no rock. 

Yellow clay (gravel to- 

ward bottom), 35; blue 

clay, 250; gravel and 

water, 25; blue clay, 30; 

sand and shale, 52; sand- 

stone (hard and white) 

and water, 8. 


Yellow clay with gravel at 
bottom, 40; blue clay, 200; 
shale, sandstone and 
water, 45. 


Well not now used but will 
be cleaned and _ used 
again. 

8 wells driven along river 
bottom. Filling, 12; black 
soil, 33; blue clay and 
yellowish sandy clay, 38; 
gravel and water 20-22, 
blue clay, no rock. 

Air lift. Gravel, 30-40; light 
colored clay; white sand- 
stone, 170; shale or clay, 
202; sandstone, 205; white 
chalk rock, 3800; sand- 
stone (water), 325; light 
colored shale, 350; shale, 


855. 

Black soil and water, 40; 
blue clay, 47; sand and 
water, 3; yellow clay, 25; 
sandstone (soft), and 
water, 10; blue clay. 

Gas engine. Feed yard. 


Steam pump. Cold storage. 
ANuvium, 85; fine sand, 
15; blue clay, 6; fine 
gravel, 14; hard blue clay, 
4; coarse gravel, 2; clay 
and gravel alternating 
(water in last gravel 
layer), 44; no rock. 

Driven; steam pump. No 
rock. 








a 


1100 UNDERGROUND WATER RESOURCES OF IOWA 


CHAPTER XV. 


UNDERGROUND WATERS OF THE SOUTHWEST DIS- 
TRICT. 


INTRODUCTION. 


BY W. H. NORTON. 


The southwest district includes eleven counties—Adams, 
Audubon, Cass, Fremont, Harrison, Mills, Montgomery, Page, 
Pottawattamie, Shelby and Taylor. Over the northern counties 
the Cretaceous deposits lie immediately below the drift; over 
the remaining counties the drift is underlain by the Missouri 
stage of the Pennsylvanian series. At Atlantic the Pennsyl- 
vanian shales, limestones, and sandstones are 725 feet thick and 
extend to 300 feet above sea level, where they give place to 
highly cherty limestones of the Mississippian series. At Council 
Bluffs, however, a distinct upwarp reduces the thickness of the 
Pennsylvanian to about 500 feet. At Glenwood the base of the © 
Pennsylvanian can not lie more than 1,235 feet below the sur- 
face, 103 feet below sea level; at Bedford it occurs 1,340 feet 
below the surface or 242 feet below sea level; in the section of 
the drill hole at Nebraska City, Nebraska, it is placed at 90 feet 
below sea level. (See Pl. XVIII.) At Clarinda a drill hole - 
1,002 feet deep failed to reach it. The map showing the ele- 
vation of the base of the Pennsylvanian (fig. 7) indicates a 
gentle downwarp whose axis extends from Polk county to 
Fremont county. If this interpretation of the data at hand is 
correct, the Pennsylvanian series on the uplands near the Miss- 
ouri state line may attain a thickness of about 1,400 feet. 


So 
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GEOLOGIC SECTION BETWEEN BEDFORD AND GLENWOOD, IOWA 


By W. H. Norton 
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Of the Paleozoic terranes underlying the Pennsylvanian 
series very little has been disclosed by deep wells. At Bedford 
the Mississippian series appears to be at least 300 feet thick, 
not including a basal shale which is probably Kinderhook but 
which may be Devonian. Below the shale are about 200 feet 
of argillaceous limestones, red or pink in the lower portion, 
which rest on water-bearing dolomites and anhydrite marls 
that continue to a depth of at least 2,400 feet from the surface. 
Like the gypseous beds of eastern Iowa, they are referred to 
the Silurian. At Glenwood the succession is similar. Below 
the sandstone at the base of the Pennsylvanian lie the cherty 
limestones and basal shales of the Mississippian, resting on 
water-bearing dolomites. At Dunlap, on the north line of this 
area, a deep well reached the Mississippian at 569 feet above 
sea level, and at 416 feet below sea level a calciferous sand- 
stone or arenaceous dolomite which may be referred either to 
the Saint Peter or to some lower terrane. The presence at 194 
feet below sea level of a green shale resembling the green shales 
of the Platteville favors the latter reference; but the fact that 
the dolomite intervening between the shale and the sup- 
posed Saint Peter is not arenaceous lends some countenance to 
the former hypothesis. 

At Lincoln, Nebraska, the State well, 2,463 feet deep, left the 
Pennsylvanian at 40 feet above sea level and entered the Saint 
Peter at 827 feet below sea level, the intervening strata being 
largely magnesian limestones. The southwest strike of the 
Saint Peter mapped for southwestern Iowa (Pl. I) thus ap- 
pears to continue into Nebraska. On the other hand, there is 
in south-central Iowa a south-southwest strike of the Saint 
Peter into Missouri. In the deep well at Forest City, Missouri, 
the Pennsylvanian extends to 760 feet below sea level and the 
base of the shales referred to the basal shales of the Mississip- 
pian in the Nebraska City section lies at 1,181 feet below sea 
level, according to the interpretation of the Missouri geologists. 
The Paleozoic terranes reach their greatest known depths in 
territory adjacent to southwestern Iowa. | 
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All of the facts at hand support the theory graphically shown 
‘in Plate I that the deeper Paleozoic strata of southwestern Iowa 
form a trough whose axis extends southwestward from Des 
Moines. Just where the axis of the trough crosses the southern 
boundary of the state is unknown. The fact that the base of 
the Mississippian is lower at Bedford than at Nebraska City 
leads to the inference that the axis may lie as far east as Page 
or Taylor county. The great thickness of the Silurian at Bed- 
ford leads to the same conclusion. If at Bedford the distance 
from the base of the Mississippian to the Saint Peter is as great 
sas at Nebraska City, the Saint Peter would be reached at Bed- 
ford at about 2,000 feet below sea level. The hypothetic con- 
tours of the summit of the Saint Peter in southwest and south- 
-eentral Iowa have been drawn by spacing the rise of the Saint 
Peter from its assumed depth at Bedford to Nebraska City, 
Dunlap, Des Moines, Pella, and Centerville, assuming some in- 
crease in steepness toward the southwest. 

The water-bearing beds of the drift and of the Cretaceous are 
described in the reports of the individual counties of this dis- 
trict. 


The sandstone at the base of the Pennsylvanian series will 
afford moderate supplies of water which in the deeper valleys 
may rise near the surface. The Mississippian limestones supply 
moderate quantities of water at Council Bluffs, Logan, and prob- 
ably at Woodbine, where they lie from 600 to 900 feet below 
the valley levels. 


The magnesian limestones referred to the Silurian yield 
copious supplies of heavily mineralized water. At Glenwood 
the water is used for city supply; at Bedford it is not fit to 
drink. The quality of the water is probably best in the north- 
ern counties of the area, where the strata stand the highest. 
At Nebraska City there is a large flow of fresh water from the 
dolomites underlying the Kinderhook; at Council Bluffs dolo- 
mites referred to the Silurian yield copiously, and these and 
subjacent dolomites should afford generous supplies for scores 
of miles up the Missouri valley and the valleys of its tribu- 
taries. Water may possibly be found in the Saint Peter (Pl. I), 
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but the depth to this formation is great—over most of the dis- 
trict too great for profitable drilling—the casing out of the 
mineralized waters of the Carboniferous is difficult, the quality 
of the water of the Saint Peter is uncertain, and on the uplands 
the head of the water would be low. In the northern tier of 
counties the Silurian and Ordovican water beds are within a 
not excessive distance of the surface. At Logan, for example, ¢ 
whose elevation is 1,033 feet above sea level at the Illinois Cen- — 
tral Railroad station, the Saint Peter should be found about 
1,650 feet below the surface or about 650 feet below sea level. 
A well 2,250 feet deep would thoroughly test the capacities of 
the chief water beds associated with the Saint Peter. Water 
may be expected here in heavy arenaceous dolomites probably 
of Ordovician age. The capacity of the present well at Logan, 
which draws its supply from the Mississippian series, would no 
doubt be greatly increased if it were deepened to reach the hori- 
zons which furnish the main supplies at Council Bluffs. At 
Harlan the Saint Peter is estimated at about 1,900 feet from 
the surface and the required depth for a deep well would range 
from 2,000 to 2,500 feet At Audubon the Saint Peter will prob- 
ably be found about 2,000 feet below the surface. 

Information of great value in interpreting the geology of 
southwestern Iowa is afforded by a drill hole sunk in 1911 and 
1912 in search for oil and gas at Nebraska City, Nebraska, by 
Ingersoll Brothers, of Pittsburgh, Pennsylvania. Through the 
efiorts of Dr. George L. Smith, of Shenandoah, Iowa, who has 
long studied the geologic problems of this section of the state, 
a log made out with special care was secured and a number of 
samples of the drillings were submitted for examination. 
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Driiler’s log of boring at Nebraska City, Nebraska. 













































Thickness Depth 
Feet Feet 
shite) 2p ee ee es tite ee go el ee ee tae aac 4 4 
POPIMEREONGN a lo 22 Nee ee eee ee ae ee ee A ee Bo a ade Sees 4 8 
SGC) 3 ee a A ee a ee 25 33 
BEIIINEStOle). 222. 2252220 ce ee eee een eee ee TT) feeb So 2 35 
Dome red: cco. 2 Ss eee Se oe ere ee oe oes seas oe eT 5 40 
PEL SU TOME) ULC) ea ee ea re ee ee eee re ee ee Cee ee ee 15 55 
SH EYED hy ho UR eS Nat Se inet 9 a ay eh ent en pp a 5 60 
SH OV) NE) OF A: ep ea nea A Ske el TT ee es ee ee 22 82 
LUA CROC HOS 02 genet Mi = pee Ree el Sag ed SE oe a ee ee 5 87 
PSE SR IG DIG once oo eee eae ase eae Se ee ee een On eane a eaasar paca aa same as = 32 119 
Red rock _-- Beales 6 125 
BANGSLONOs coo okecteeeaes E 2 127 
Biales Dive o's. 22S Se ee eee eee ea ecb ae Saks encn ae ce sas cS 73 200 
PAIMERLONG) snc ncscee ce se eee en ee ee ere een oaa seen eae ena 9 209 
Mirales, “black see ee nw een occu aonne en ee ceke enced 6 215 
Mimestone, : blue} 2s a Sees aoe wn ee a ee ae ee senna se he ee ee es aen en conse eecL el etokes 5 220 
PATMESTONG, WHIT 9s aca ee ae ae ree en ean te oa caat een cones adnen se 30 250 
Mulmes tone: Dl ee eee rt a ee eee sa kere soe Se 15 265 
Shale, black, with oi] -------------- Soc space ea ee ene ae eR TE eee 2 267 
INTE tCONe, i White pe ses ee cement ae renee ee A eo eee 15 282 
BGIGS Dil Or or ee ae re ee one ee Se ee 8 290 
BRINIEBCONE;. WiiCOs ase ee te ee ek ee eet ne ce ewes 45 335 
SP PRU ie DULG ree ae ca ec On a ee eerie meee 2 337 
BISIITICS GONG) se aes ere oe ee ene oa as sac a Sean tenes ee 1G 854 
HONG MOU), Ga a= soos So eye eet er eres 2 356 
Rea lOse LACK so ca ee aie eee ae we ae ane ee ee 9 365 
PUETIOR LONG esta ene ee ee rr eee ee eee? a Se ed SS ee 15 380 
Bangstone, with mineral water;eartesian os. os a. ool Ses oe oe eee 85 415 
AIC W DLUGt nen ee ee eee ne ee ne ee eka Soc e ee ee Sane 20 435 
iimestone, white 222sns2-o sees ame sees ae ea 20 455 
mec.rock —— =. .2 3 458 
Shale, black ~------- 10 468 
IGIINCRLONG. a oe oo eee ee ae eee eee ae cemaars ean ewer ma sask a seaea a ceccea ne ease 25 493 
BR RICS DING =o sn ne ee ee ow ee ee ee 15 508 
Mandstoue.. with: artesiademinordlmw avelesesccecs= eee ne 8 ee ik Lee 520 
iralo mIRC. 3s tee ae eee een rn eee See ET Te ee 10 530 
PATMERCONG SU WHItC poe e meme eee eee ne ee ee ee Pe oe ee 40, 570 
ee TOC Keg eb sa Os ee a ere en ee enn MENT eed eee ee eee 5 575 
imestone, bottom sandy, withiwatersos-.-2 <8 40 615 
[sd 3425) Cele. ON NTs eg ae a a a Spool yt Sn ge a 2 617 
PETITES LODE sc WE GG 2 re ree ae ee eet u ano ek 60 677 
pnelecand: limestone) sone enn oe ere era Se Sees ast te es 5 682 
RST a ee ee a oe en og es oa eco ce cnS tn aece ee comais “ 685 
REIN YR STN 1G re a a eee eee oe re Se ne eae ethan Sanct ece bese! 5 690 
ATNORUONGM oie oe Sahn a see e eee aa at oe mea poe ee macaw eee oe aan tesco gesedenles 10 700 
BIE Me ACK te ee 2 eee ee ee eee eet ea ot ES 10 710 
PADUStONG «TINY okra ee a eee eee Den eee en et etn Sd SS eu ci oae omcnoes 15 725 
ERENT OS LOT et ete oe ee eee cn Ce ee ee Ee. a ee en 25 750 
AMES LONG, DUC) sees ae een ee eee ee 10 760 
Shales ‘imy.fo = 22S ee eS 25 785 
Sandstone, very hard ---- 8 793 
eMeEstoneits oe 20 813 
Sandstone --....--... ¢ 5 818 
ieimestones very, Nard ease ee ee Se 8 ae eee ee 5 823 
BUI Ge lames rae we ae ee en ea a A eee eae 10 833 
MEST ONG 6 l2o seo e Se a ee ee EE Le eee ee ee 10 843 
phale,s blue *22 522 oo ee a a ee eee 20 863 
“QUST bay 2) a i Sy ae mR Pa tee ame a AS en A Ls SN JES 17 880 
ipimiestone,~ blue )A 5a see ree ee en SI Ae ee sere es 20 900 
RSET LO Mp LICL Go 2 a a eee ee ae oe ee a a ee ee 25 925 
pail nme LACK 5 222 |S Sa Sees ae es ee re ee ae eee eee Om ee AS 15 940 
mamescons: white) — 5 Sosa Serene ee ee er ee NEE a 20 960 
MN BlOrmTO i sn oa Spne ee cetera ee re ee ene ee ee eee 60 1,020 
mock, uhard, flinty.{<.---- soon ee ee ee es 4 1,024 
poapstoue.-e white), 2) 2- ooo s ee eer ee eee net een een renee eee eee ee eee 5 1,029 
Sandstone, white; with big flow of water, saline between 1,040 and 1,050; 
passing gradually into limestone below.---.-.-....---_--_------_----_-..-._.. 21 1,050 
Limestone, cherty; with several small layers of shale toward bottom, none 
Overmcieet,’ thick... 222205 es eee ees oe ee eee eee oe eT eee 190 1,240 
Shale, blue; in last 50 feet hard thin shells of pyrite...-._._._____._._-__________ 200 1,440 
wWnknowneshole, caving: Dadl ysis ese ee ee ee 20 1,460 
Shale; white: casing set: here- 222 Ss" eee ee ee se te 1,461. 
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Drillers log of boring at Nebraska City, Nebraska—Continued. 
















































Limestone; in light buff powder, rather brisk effervescence; with minute 
grains of quartz and ecryptocrystalline silica; 3 samples, at 


| Thickness | Depth 
Band, white (iso5 oe a cls ee ee Re 4 1,465 
Sand, and lime, brown; big flow of fresh water rising within 100 feet of 
BUTLACO gee a ee ree en eee 48 1,513 
Send, gray 2.05 ee ee eee eee 4s) 1,507 
Lime vend sand, Whit@ssce= oe oe ns ns ee ere ae ee ee 82 1,599 - 
Shale, green and black 6 1,605 
Limestone, sandy, white___ 65 | 1,670 
Shale,© green-blue' 2. 3... eee 5 1,675 
Limestone, brown; show black shale______------__-.__ 13 1,688 
Limestone, wbrown; turning toy white@msso. ses oe ere eee eee = eee nee 38 1,726 
Limestone, buf sandy _<--. 2 See ee ee eee ae ener 35 1,761 
Sandstone,w white; bard; Sharpiosessae ee ee ee re ee ee 56 1,817 
Limestone; white’ 35305 Se a ee ae eee See ee eee eee 5 1,822 
Bimestones oDro whi, oo- a= a e  e 30 ‘1,852 
Limestone’, swhite .— - <n 153 2,005 
Timestone,s white, Sandy ssc e eee ee ae ee ee 24 2,029 
Shale; * Dlack yc oe ee ee ete a ee ee Oe 2 2,031 
wimestones ‘white, sandy? 202 eecceoees nso ceee teen a ae re pace eee eee 6 2,037 
Timestone, sw white (22 ee ee ee eee ee eee 6 2,043 
Limestone, blue, white, sandy V7 2,060 
Limestone «white 222s Se a ee a ee eee 42 2,102 
Limestone, dark, and shale__--------_-__--_- 59 2,161 
Limestone, shaly, dark; showed some sand__ 113 2,274 
Limestone, buff; showed some mineral 35 2,309 
Limestone, -blie, , hard 22 e e e  e 38 2,347 
Limestone;c brown every» hard sso a ee ee eee 18 2,365 
Limestone; white +... 22022. We Sean eee re ee ee 187 2,502 
Liinestone, blue, white. sandy: drills into chips and cuts steel badly___-_.______ 22 2,524 
imestones white; sandy,, miecdiurn War see ee (Op 2,544 
Limestone; white 22. -2-.+. 2. 22 A ea ee ee eee 10 2,554 
Timestone,, blue-white. and -darker;, )hards2 2s oe 13 2,567 
Timestone; blue-white, sandy 22. 2225222 208) So ee eee 13 2,580 
Limestone; sblack;: (hard = 22235-2223. sae eis ee ee eee 3 2,583 
Limestones, dark; very~ eandy.. 22202 so sccoee eens eee ean ee ee eee 22 2,605 
‘Timestone;= dark) — <0 22s se ee eee 14 2,619 
Limestone. Drown, * send ye... Se ee ee 44 2,663 
Shale, black; alternating with limestone shells; wet sample gives odor of pe- 
troleum’ Sees nn er so oo oe ee ee Se ee eee 24 2,687 
Limestone, -brown, “very bard 2-3 2s 3S ee ee ee eee 15 2,702 
Limestone, “eray;, «Sandy, Very Snards oe ae oe re ee ee ee ee 17 25 4D) 
Limestone; “blues” very hard.= 2-5 as eee eee Saget a ee ee 7 2,726 
Limestone; brownyi.very. nard2 220s ee ee eee 25 2,751 
Limestone,, blue-white. (hard). os ee eee 3 2,754 
Shale, black and blue; with shells, alternating hard and soft, fossiliferous-___|_.......-.__|________ 
Description of strata of boring at Nebraska City, Nebraska. 
Thickness | Depth 
Carboniferous: 
Pennsylvanian (1,020 feet thick; top, 930 feet above sea level)— Feet Feet 
No -spaniples)Siocs— 8 oe ee ee eee ee a ee eee 1,020 ap 
Mississippian (420 feet thick; top 90 feet below sea level)— 
Chert, white, sparingly pyritiferous; in large fragments; 1 fragment of 
nonmagnesian, light gray-brown. fine erystalline-granular, compact 
limestone, and 1 diorite pebble from drift; 1 sample______--___-_____- 220 1,240 
Shale, light blue, plastic, argillaceous; somewhat caleareous, fine- 
grained, massive; some fragments of light blue, finely arenaceous 
laminated “shale, Jlaminae:4: inch: thick se seesee se) oes ee eee 200 1,440 
Devonian and Silurian (720 feet thick; top, 510 feet below sea level): 
Dolomite; in fine yellow powder, crystalline grains; very small admixture 
of minpteserains sot. quartz: 223-252 ee een peer een ae ae eee 20 1, 460. 
Limestone, magnesian; or dolomite; effervescence moderately slow; buff in 
mass, in fine sand and powder; some minute quartz grains; 4 samples_- 35 1,495 
Dolomite, light brown; in fine sand: ai little-chert; “ats cs ee 1,500 
Limestone, magnesian; or dolomite; dark buff; moderately slow efferves- 
cence; in’ fine crystalline ‘sand, at=.l. 222s eee eee Reiter yf = 1 W158 bs) 
Limestone, magnesian; or dolomite; as above; 1 sample__------__---------- 1,540 
Shale, hard, light blue-green, and darker, blue-gray; slightly caleareous, at|__._.._._._____ 1,665 


UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT - 1107 


Description of strata of boring at Nebraska City, Nebraska—Continued. 








| Thickness | Depth 








Feet Feet 

Limestone,magnesian ; or dolomite; light buff; im sand; effervescence rapid 
at first, then slow; more or less residue of irregular and broken minute 
grains of quartz and cryptocrystalline silica; 3 samples, at----___--- -----|------------ 1,840 
Dolomite, light buff, cream color, and whitish; in fine crystalline sand; 
residue of minute, irregular grains of quartz and flakes of erytocrystal- 
line silica; in some samples large residue of cryptocrystalline silica; 1 
sample contains fragments of hard, granular-crystalline vesicular dolo- 


MITE CAVITIES. GOTUSYiser S) SEIN 2 eee eee eens oe ee UL ek 27 2,012 
Dolomite, light buff and light brown, in sand and powder; highly cherty 
Delow: .2, 00022 77Salmpled se eee eee ray Naty So ee 130 2,160 
Orodovician: 
Maquoketa shale (114 feet thick; top, 1,230 feet below sea level)— 
I Coe hanya) Gio eo ee ee, Pe ee eee. eee ee eee eee 114 2,274 


Galena dolomite (480 feet thick; top, 1,344 feet below sea level)— 
Limestone, light gray and whitish, minutely granular-crystalline; oxi- 
dized on surface to buff; rather slow effervescence; contains minute 
cubes of pyrite and some gray chert, in chips; also limestone. soft. 
buff, minutely crystalline-granular; rather rapid effervescence at first 
immersion, but crystalline grains attacked rather slowly; considerable 
blue-gray flint in fine sand; fragment of pygidium of trilobite noted 
on one chip of same; much shale (2,274 feet) caving from above; 
blue-green, hard, fissile, noncaleareous, nonarenaceous, nonglaucon- 
RIOT OS ya a ee ne Be Ee a eee ee eee ela 35 2,309 
Chert, blue-gray, mottled, and light buff; in small chips; a little soft 
erystalline-granular limestone, buff, of rather rapid effervescence; 
some hard green and gray fissile shale and pyrite_-_____-______________ 4 2,313 
Dolomite, light gray, highly cherty, pyritiferous; some minute irreg- 






ular grains of quartz; in fine sand, at_ 2,322 
NO SSRI DIOS ae ee ae oe ee eee ee ee se ee ee oe Bee 2,365 
Dolomite, light buff, crystalline, granular, vesicular; in places cherty; 

In finevSp ark reseed reroes ali ples se ee eee eee ee MP ee ce) SS 159 2,524 
Dolomite, buff and gray, cherty; a little hard fissile greenish shale, 

Somewhat? calcnreousse a 8 aUDICs poses toon en ee Us ee eee 51 25575 
IN OMB BIND OB ete eo rate eee en Ge ee Pans rk a 45 2,620 
Dolomite, buff, impure, considerable microscopic siliceous and. argil- 

laceous residue. (Described by driller as ‘‘alternating layers of lime : 

and) idarlke wahalor y= sae eee oe cee ee ie ee Be 24 2,644 
Dolomite, dark buff, crystalline, granular; in sand; 3 samples__________ 46 2,690 
Limestone, mottled buff and gray, compact; rapid effervescence; pyri- 

tiferouss 42) RAM les Meee ae eee ee Ee Deets eo 64 2,754 


Decorah shale (top, 1,824 feet below sea level)— 
Shale, dark green, hard, fissile, fossiliferous; Stictoporella angularis 
and Dalmanella subaequata var. minneapolis, identified by Ulrich. 

















On March 25, 1912, the drillers reported that after passing 
through 29 feet of the Decorah shale the drill entered at 2,783 
feet from the surface a white sandstone 64 feet thick, evidently 
the Saint Peter. The Platteville limestone unexpectedly is 
absent. The summit of the Saint Peter here lies at 1,853 feet 
below sea level. The Saint Peter was found to be underlain 
by red rock and shale 22 feet thick, and this in turn rested upon 
sandstone. The Saint Peter and the strata below it were found 
to be dry. 

Analysis of drillings from 1,982 to 1,993 feet.a 





1sY F=4 Of @ Pa eey epee Seat 2 Ste ME Ss Se ee ee Se Le eee ee rer 36.63 
CEPOL 0), een ae Paes PA ay ee a le ee es 47.00 
WMeCOse can co se Oe ees) ke ee ies on) ES ced 2.38 
jo Pope near Se NE ee 13.97 

99.98 


aMade in chemical laboratory of Cornell College, Iowa, under direction of Dr. 
Nicholas Knight. 
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Omitting the silica, which occurs largely as chert, it will be 
noted that the percentages of magnesium carbonate and cal- 
cium carbonate are respectively 42.5 and 54.6, or nearly those 
of these constituents in dolomite. 


The first 1,020 feet of the boring is clearly Pennsylvanian. 
The age of the large body of limestone between 1,020 and 1,240 
is of special importance. In reamings there was found a fossil 
identified by the late Dr. Samuel Calvin as a thick, short-hinged 
variety of Spiriferina kentuckiensis, a species most common in 
the Pennsylvanian, but not unknown in the Mississippian. Refer- 
ence of the bed to the Mississippian is favored by the occurrence 
of entirely similar thick cherty limestones at about the same 
horizon at Bedford and Glenwood. At Nebraska City they 
underlie the shales of the Des Moines stage and are with little 
doubt the westward extension of the cherty limestones of the 
Mississippian of southeastern Iowa. The absence of any body 
of cherty limestone of like thickness in the Missouri stage in 
Jowa makes for the same reference. Assuming, then, that the 
. limestone in question is Mississippian, it will be noted that the 
Pennsylvanian section at Nebraska City is almost wholly of 
the Missouri stage, the Des Moines stage having thinned to a 
few feet of shale at base. The same assumption gives the sum- 
mit of the Mississippian at Nebraska City as 90 feet below sea 
level, practically the same as at Glenwood, and 150 feet higher 
than at Bedford. The base of the Coal Measures at Lincoln, 
Nebraska, is about 100 feet higher than at Nebraska City. Ap- 
parently then the floor of the Coal Measures lies nearly hori- 
zontal over this area with the axis of the slight syncline lying 
between Bedford and Missouri river. 


On the other hand, Dr. George L. Smith, of Shenandoah, Iowa, 
who has given much study to the Missouri stage of southwest- 
ern Iowa, finds a considerable dip southward along Missouri 
river, a dip of at least 400 feet from the railway bridge at 
Plattsmouth to Nebraska City, and largely on this account he 
is convinced that the limestone in question is the Bethany lime- 
stone. 
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Beginning at 1,240 feet the drill passed through 200 feet of 
shale. This is correlated with the 130 feet of shale immed- 
iately beneath the Mississippian limestone at Glenwood and 
with a much thinner shale at the same horizon at Bedford. It 
may be referred to the Kinderhook, but in part may be Devon- 
ian. On the other hand, if the cherty limestone overlying the 
shale is the Bethany limestone, this shale represents the Des 
Moines stage. Unfortunately no succession of samples of the 
shales were saved, so that their lithologic affinities are un- 
known. When the well had reached a depth of 1,330 feet, the 
driller described this shale as light blue and states that ‘‘in 
places it gets sandy and hard, but is practically one body of 
shale so far as we have gone.’’ At 1,385 feet the same de- 
scription, practically, is given. There is no evidence of the alter- 
nations in color which are common in the Des Moines. 


From 1,440 to 2,160 feet the drill continued in magnesian lime- 
stones and dolomites. This body of limestone, 720 feet thick; 
_ nowhere so far as the drillings are in evidence carries gypsum 
or anhydrite as at Bedford and Glenwood. At 1,460 feet a 
parting of one foot of shale is recorded and at 1,665 another © 
parting less than 10 feet in thickness. 


This body of limestone is assigned to the Devonian and 
Silurian without any attempt to draw a division line between 
them. The base also of the Silurian is in doubt, for the re- 
ference of the strata between 2,160 and 2,274 feet to the Maquo- 
keta shale rests only on the statement of the driller’s log, re- 
porting here ‘‘alternating limestone and shale.’’ From 2,274 
to 2,754 feet extends an unbroken body of limestone and dolo- 
mite, which may be assigned to the Galena dolomite, since it 
overlies a shale which extends from 2,754 to 2,783 feet, and 
which contains fossils proving it to be the Decorah. In the 
Decorah shale, at 1,824 feet below sea level, a definite and cer- 
tain geologic datum is evident. 


As the drill hole was sunk as an oil prospect no quantitative 
or qualitative tests were made of the waters found at different 
horizons. To 400 feet the hole was dry. From the Pennsyl- 
vanian water-bearing beds were reported from 400 to 415 feet, 
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from 508. to 520 feet, and at 615 feet. Small flows occurred 
also in the same terrane between 615 and 900 feet at intervals 
not exceeding 50 feet. A larger flow of salty water was en- 
countered at the summit of the Mississippian at 1,040 feet. 
These waters rose slightly above the surface and yielded not 
to exceed two gallons a minute. They are described by Dr. 
George L. Smith as bitter, saline, purgative, and unpotable. At 
1,050 feet casing was placed which shut them out, and all waters 
below this depth are said to be fresh. Between 1,461 and 1,480 
feet, a flow was reached in the limestones underlying the shale 
referred by the writer to the Kinderhook, but which is the ap- 
parent equivalent of that at Forest City which the Missouri 
geologists have placed with the Devonian. This flow is de- 
scribed by the drillers as ‘‘immense;”’ at least it was not lowered 
by them in their work. The temperature is said to have been 
colder than spring water; the head was 125 below the surface. 
A measurement was kept of the height of the water in the drill 
hole, but no changes occurred below 1,480 feet to indicate that 
other veins had been reached. Below that level, however, the 
bailer brought up water which after going through the cold wa- 
ter of this flow was still a little warm. 


ADAMS COUNTY. 
BY HOWARD E. SIMPSON. 


TOPOGRAPHY. 


Adams county .comprises a portion of the old drift plain 
which slopes from the crest of the Mississippi-Missouri divide 
southwestward toward Missouri river. Though well up on the 
slope the plain is maturely dissected and thoroughly drained 
by the numerous tributaries of Nodaway river. The iarger 
streams flow through broad, flat, preglacial valleys which are 
carved deeply into the underlying rocks and are partly refilled 
by drift and alluvium. 
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GEOLOGY. 


The drift mantles all the country rock to depths of 15 to 150 
feet, and is in turn overlain by the loess. Broad strips of 
alluvium, consisting of sands, gravels, and clays overlain with 
fine silt, border the larger streams, and sands and gravel fill . 
the valleys beneath to a depth in many places of 40 feet. 

In the northwest corner of the county the drift is underlain 
by heavy beds of soft, porous, brown sandstone—the Dakota 
sandstone of the Cretaceous. Over all the rest of the county 
the Dakota is missing and the drift is directly underlain by the 
Missouri stage (Carboniferous), which consists chiefly of heavy 
beds of hard limestone, alternating with shales and, rarely, a 
thin seam of coal. Below, these rocks grade into those of the 
Des Moines stage. The limestone decreases, whereas the shale, 
sandstone, and coal increase. The whole has a thickness of 
several hundred feet. 


UNDERGROUND WATERS. 


SOURCES. 


The alluvial sands and gravels afford a plentiful supply of 
water to inexpensive driven wells ranging in depth from 15 to 
50 feet. Most of the wells of the county, however, obtain their 
water from the drift. Many very shallow wells, 15 to 20 feet. 
deep, are scantily supplied by surface waters seeping through 
the porous loess, and others reach the sandy layers which lie be- 
neath. The water in all of these wells is scanty and is subject 
to pollution from organic matter washed in from the surface. 

As the quantity of ground water near the surface has de- 
creased as a result of more perfect drainage and the cultivation 
of the land, it has been found necessary to sink many of the wells 
into the sands and gravels which usually lie at the base of the 
drift and which furnish good water freely and permanently. 
These wells are lined with 18-inch tiling and will probably prove 
the best source of supply for upland farms over all the limestone 
region. Other wells obtain’an ample supply in the local sandy 
layers above the base of the drift. 


) 
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The Dakota sandstone yields the best and purest water ob- 
tainable in the county. Unfortunately, this soft sandstone un- 
derlies the drift only in the northwestern corner of the county, 
and in some places it is too thin to furnish water abundantly. 
~The water is only moderately hard and is free from undesirable 
minerals. It makes an excellent domestic and stock water. The 
limestones and shales of the Missouri stage underlie the entire 
county, but because of their compact texture they afford only a 
scanty supply of hard water, and are penetrated only by wells 
which fail to find a suitable supply in the drift. Fortunately, 
this failure is rare, for though the limestone beds between shaly 
layers in many wells yield a supply of good hard water, several 
holes drilled to depths of 200 to 500 feet have been abandoned 
because of scantiness of supply. In such wells waters from the 
drift may be combined with those from the limestone by punc- 
turing the casing opposite the higher beds. In the coal-prospect 
hole drilled at Carbon heavy water-bearing sandstone was 
found at a depth between 700 and 800 feet. The hole was 873 
feet deep and, except for 16 feet of drift, was entirely in Pennsyl- 
vanian strata. The sandstone lenses, however, lie so deep and 
their occurrence is so uncertain that drilling for them is not war- 
ranted except where artesian wells are sought. 

No flowing wells of importance are reported. A few weak 
flows are obtained on low ground, one such being on the farm 
of J. Mercer (sec. 28, T. 71 N., R. 33 W.). 


SPRINGS. _ 


Several good stock springs flow from margins of Dakota 
sandstone on the sides of the Nodaway river valley, typical 
ones being found on the farms of Joe Houcks and Peter Curry, 
one mile and three miles, respectively, north of Carbon. Other 
springs from sandy layers of drift occur at different points in 
the county, but none are important sources of water supply. 


CITY AND VILLAGE SUPPLIES. 


Corning.—Corning (population, 1,702 )has one well, 169 feet 
deep, extending 131 feet below the alluvial deposits of Hast 
Nodaway river into the shales and limestones of the Missouri 
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stage. The well yields a scanty supply of hard water and is 
unused. A large open well sunk on the river bottoms 38 feet 
to bedrock is walled with brick laid in mortar. This well is 25 
feet in diameter and furnishes the present town supply. The 
water comes in at the bottom from gravels overlying bedrock, 
stands at a level varying from 3 to 28 feet below the curb, and 
may be entirely withdrawn by heavy pumping. Two steam 
pumps having a capacity of 10,000 gallons each force the water 
into an elevated tank, from which it is distributed under gravity 
pressure of 60 pounds through five miles of mains to 27 hyd- 
rants and many private taps. Driven wells, ranging in depth 
from 30 to 100 feet, are common on the bottoms while most 
wells on the slopes and in higher portions of the citv are dug 
or bored. All these wells are in drift, and many of them draw 
from sands immediately overlying bedrock. 
_ Prescott.—Prescott (population, 426) has a small public sup- 
ply for fire protection. The water is obtained from shallow 
wells and distributed through a few hundred feet of mains to 
three or four hydrants located on the principal street. 

Most of the wells at Prescott are bored and lined with tile to 
depths ranging from 15 to 40 feet. The alluvial and subloessial 
sands furnish the water. On uplands the wells extend to the 
deeper drift sheets. 

Minor supplies.—At Nodaway 30-foot sand points are com- 
mon on all of the lower lands. Wells on uplands are bored 50 
to 200 feet in drift. Near Carbon 40-foot points obtain plenty 
of water in the Nodaway bottoms. In Nodaway valley, out- 
side the alluvial belt, all 50-foot wells find abundant water in 
the drift. At Brooks and Nevinville wells range in depth from 
20 to 70 feet, many being 35 feet deep. Mount Etna gets its 
water supply from driven and bored wells ranging in depth 
from 16 to 50 feet and averaging 30 feet. A clay overlies the 
water-bearing sandstone. 


~ 
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WELL DATA. 


The following table gives data of typical wells in Adams 


county : . 
Typical wells in Adams County. 








Remarks: 


L ] ° : 
Owner ocation (Logs given in feet) 


eurb 


Source of sup- 
ply 


Depth to rock 
Head below 


Feet | Feet Feet 

J. A. Mason.| NE.4 sec 5, T.71| 276 | 150 |Sandstone_| 106 |Yield 3 gallons per minute for 
N., BR. 35 (Dakota) one-half day without lowering. 
Drift (Pleistocene), 150; sand- 
stone (Dakota), 40; shales and 
limestone (Missouri), 86. 

W. OC. Day-—| NE.4 sec. 2, T. 72] 403 68 [dome fee BaD A little water in Dakota sand- 
N., R. 35 W. stone, none below. Abandoned. 
Drift (Pleistocene), 68; sand- 
stone (Dakota), 6; shale and 
A limestone (Missouri), 329. 
Oorning -----| River bottoms --.| 169 38 |Limestone_ 80 |6-inch drilled well cased to rock; 
(Missouri) put down for city supply but 


x 


unused on account of hardness 
and scantiness. Alluvium, sand 
and gravel (Pleistocene), 38; 
shales and limestone (Mis- 
: souri), 131. - 
Oorning --__- Goring 7 2s2- soe 85 | 385 |Gravel____- 3 to |Chief city supply; diameter, 24 
28 feet. Soil and loam, 8; gum- 
bo, 8; blue clay, 10; gravel, 12; 
limestone. ; 











~___ Bros.) River bottoms --' 38 38 '____ do ____!_____. 





AUDUBON COUNTY. 


BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY. 


Audubon county comprises an upland that is dissected by 
several rather’ wide alluvium-filled valleys and numerous 
ravines. 

The generalized upland section as reported by R. S. Grans- 
bury, driller at Exira, is as follows: 


Yellow clay centaining lime concretions and pebbles with hardpan and a 
little sand near the bottom. 

Light blue clay. 

Hardpan. 

Blue-black clay. 

White hardpan. 

Yellow hardpan. 

Yellow and white cemented sand. 

Limestone, shale and sandstone. 


The interpretation of this section seems to be as follows: 
The yellow clay is loess and weathered Kansan drift; the light 
blue clay is unweathered Kansan; the blue-black clay is Neb- 
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raskan and the overlying hardpan, Aftonian; the white and 
yellow hardpan and subjacent cemented sand are Cretaceous 
and the series of limestone, shale and sandstone igs Pennsyl- 
vanian. The Cretaceous hardpan is said to be between one and 
20 feet in thickness, and the cemented sand has about the same 
range but averages less than 10 feet. The Cretaceous deposits 
have not been found in all parts of the county. Drillers report 
them best developed near the eastern margin and generally 
wanting in the vicinity of Audubon and farther north. They 
consider them most likely to be reached by wells on the divides 
between the principal drainage lines, which condition indicates 
that the present streams follow in general the courses of the 
preglacial streams where the Cretaceous was submitted to the 
most severe erosion in the period before the drift was de- 
posited. The cemented sand is found at depths of 300 feet and 
more on the highest ground and at correspondingly less depths 
on lower ground near the valleys. 


UNDERGROUND WATER. 
SOURCES. 


Water can be obtained from the alluvium, the drift and as- 
sociated deposits, the Cretaceous sandstone, and the lower for- 
mations. Of the lower formations the Upper Carboniferous 
strata are predominantly nonwater-bearing, but their deeper 
beds are likely to furnish at least small amounts of water. Still 
lower formations yield larger supplies. 

Though the Cretaceous sandstone yields more freely than any 
of the drift deposits, its water is under little pressure and flows 
into the wells at only a moderate rate, and must be lifted a 
great distance to be brought to the upland level. Two wells, 
reported by E. L. Gransbury as ending in the ‘‘cemented sand,’’ 
may be cited as typical: 

The well of F. Hays, located in sec. 13, T. 79 N., R. 34 W., 
has a depth of 340 feet and a diameter of 3 inches. Its water 
bed is 6 feet thick, and its head is 290 feet below the surface. 
Continuous pumping at the rate of 3 gallons per minute lowers - 
the water level 20 feet. The water is hard and ferruginous. 
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The well of George McClain, located in sec. 35, T. 79 N., R. 
35 W., has a depth of 218 feet and a diameter of 3% inches. 
Its water bed is 5 feet thick, and its head 148 feet below the sur- 
face. Pumping at the rate of 6 gallons a minute lowers the 
water level 20 feet. 3 


Many wells drilled to the Cretaceous on ridges in this and ad- 
jacent counties in years of extreme drought have on the return 
of more normal conditions been abandoned on account of dif- 
ficulties arising from the depth, low head, mineralized water, 
and the incrusting of the sand screens. Two-inch tubular 
wells are not so successful as wells of larger diameter with in- 
dependent pumps. In many places larger wells can he finished 
without screens by sand pumping and putting down fine gravel 
which tends to keep back the sand. 


Most of the wells at present in use are of the shallow bored 
and dug types, are located on the lowest ground feasible, and 
depend on a slow seepage from the drift. They are fairly satis- 
factory except in dry years or where large supplies are re- 
quired. Much of the difficulty resulting from inadequate yield 
could be overcome if, instead of a single hole, a series of holes 
were bored. (See page 947.) 


In the valleys generous supplies can commonly be obtained by 
sinking imexpensive open or driven wells into the stream de- 
posits. This source is utilized largely in settlements located 
along streams. 


CITY AND VILLAGE SUPPLIES. 


Audubon.—The city waterworks of Audubon (population, 
1,928) are at present supplied from 5 shallow wells located in 
the creek valley. The principal well is 27 feet in diameter and 
35 feet deep, and receives its water from sand and gravel near 
the bottom. The wells fill within 15 feet of the surface, and 
are frequently pumped at the rate of 10,000 gallons an hour 
for 5 consecutive hours. The water has a large amount of per- 
manent hardness, as is shown by the analysis (p. 202). Boring 
was at one time carried to a depth of 95 feet and ended in dark 
blue clay without water. The distributing system comprises 
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an elevated tank and about 2 miles of mains, with 125 taps. 
The average daily consumption is 30,000 gallons. 

Exira.—The village well at Exira (population, 787) is sunk in 
the river bottom to a depth of 28 feet, the last 2 feet of which is 
‘in gravel. It is 10 feet in diameter, is cased with brick, and 
.. fills with water within 8 feet of the surface. Approximately 
8,000 gallons are used each day, but the well would easily pro- 
vide several times this amount. When the waterworks were in- 
stalled, a series of 2-inch wells were driven to the same bed of 
gravel, but were not as satisfactory as the large well used at 
present. The waterworks include a standpipe, three-fourths 
mile of mains, 10 fire hydrants, and about 35 service connections. 
The water is said to be very hard and is used by only a small 
portion of the inhabitants. 

Kimballton.—The village of Kimballton (population, 271) has 
a system of waterworks which draws from a well and includes 
one-fifth mile of mains, 4 hydrants, and 12 taps. 


CASS COUNTY. 
BY HOWARD E. SIMPSON AND W. H. NORTON, 


TOPOGRAPHY AND GEOLOGY. 


Cass county is near the southwest corner of the state, well 
up the western slope of the Missouri-Mississippi divide. 

Topographically it is a drift plain, sloping gently south- 
westward, cut in every direction by the channels of minor 
streams. Nishnabotna and Nodaway rivers flow southwest- 
ward across it in wide, deep, preglacial valleys, which they 
have cut in the underlying rock and recut in the soft drift 
cover. ‘lhe upland slopes to the north and east grade into 
gently rolling prairies; those to the south and west show more 
complete dissection and more mature drainage than those on 
the eastern side of the divide. 
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In the valleys of Nishnabotna and Nodaway rivers the drift 
rests on Carboniferous strata, here chiefly a series of heavy 
shales alternating with thinner beds of hard limestone (Mis- 
souri stage). Over a large part of the county the drift rests 
on Cretaceous sandstone, known as the Dakota, which rests un- 
conformably on the Carboniferous. On the uplands the drift . 
has an average thickness of perhaps 200 feet, and consists of 
heavy beds of till overlain by a comparatively thin mantle of 
loess. Heavy deposits of sand and gravel are found in the 
bottoms of the larger valleys. 


UNDERGROUND WATER. 
SOURCES. 


The water-bearing beds utilized in Cass county are the al- 
luvial sands and gravels, loessial sands, drift sands, the Da- 
kota sandstone, and the limestone of the Missouri stage. 

In few parts of Iowa can so satisfactory supplies of water be 
obtained at so slight cost as in the gravel-filled valleys of the 
southwestern part of the state. The sands and gravels that 
fill the valley bottoms of Nishnabotna and Nodaway rivers 
and their larger tributaries to depths of 50 to 100 feet afford an 
inexhaustible supply of good water at depths ranging from 20 to - 
100 feet. The water is generally obtained by driving 114-inch 
pipe shod with a three-foot point covered with No. 60 gauze ° 
mesh. The expense of such a well complete, with pump, is $15 
to $25. Rarely is the sand so fine as to fill the point and thus de- 
stroy the well. When it does, the pipe may be drawn, the point 
cleaned, and the whole again driven. 

On the uplands, especially in the eastern part of the coun- 
ty, where the loess is comparatively thin, many shallow wells 
obtain water from sands under the loess. In the western part, 
where the loess is thicker, many wells do not pass through the’ 
loess, but depend entirely on the slow seepage from this por- 
ous clay. Wells in the loess and its underlying sands are very 
likely to be contaminated by drainage from the surface. 
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In all parts of the county an excellent supply of water may 
be obtained from the gravels at the base of the drift at depths 
of 100 to 225 feet. The head is relatively low but strong. Many 
wells obtain a scant but wholesome supply from seepage and 
from local sand layers that lie at different depths within the 
till. Where cultivation and artificial drainage have lowered the 
ground-water level, dug wells have been dug deeper, and bored 
wells filled with large tiling or sewer pipe extending down to 
lower gravels of the drift are very common. The gravel be- 
tween the drift sheets also yields water. 

The Dakota sandstone is an aquifer of the first order and 
rarely fails to yield excellent water at depths ranging from 
150 to 300 feet. | 

The limestone of the Missouri stage affords a scant supply 
of hard water that is seldom utilized. It is important only on 
the slopes of the larger valleys, where the Dakota sandstone 
has been eroded away. It is rarely reached within 250 feet of 
the surface. 


CITY AND VILLAGE SUPPLIES. 


Amita.—The public water supply of Anita (population, 1,118) 
is obtained from a 207-foot well, which draws excellent water 
from the Dakota sandstone. It is somewhat hard and is said to 
pit the boilers. The water is pumped by gasoline engine into 
elevated tanks, from which it is delivered over the entire town 
under direct pressure of 50 pounds. 

Atlantic—The public supply of Atlantic (population, 4,560) 
is owned by the city. It is drawn from 30 drilled and driven 
wells, ranging in depth from 52 to 86 feet and in diameter 
from four to six inches, located in the ‘‘bottoms’’ of Nishna- 
botna river. The drilling is done inside a tube, the well being 
pumped out and the tube driven a few inches or feet at a time 
until it reaches a suitable aquifer, into which drilling is contin- 
ued a foot or two to form a collecting pocket. A Cook strainer is 
pushed to the bottom and fixed on the end of the driven pipe. 
The wells are connected with T’s to air chambers and so con- 
nected in groups and series that any individual or group may 
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be cut off, the caps may be removed, and the sand pumped out 
at will. One of the 30 wells never produced at all, and this 
well and two others whose casings were broken in cleaning have 
been cut off. 


The water-bearing bed, a sharp white sand with some gravel, 
lies 50 to 86 feet below the surface. Above it are many layers 
of clay silt alternating with beds of sand and gravel, some of 
which are water bearing. Several years ago fifty three-inch 
drive points penetrating some of these gravel layers were 
utilized, but they were abandoned on account of the insufficiency 
of the supply. The series could be pumped dry in about one 
hour. 

When not pumped the water in the present wells ordinarily 
stands 13 feet below the surface, but the level varies with 
weather and rainfall. The wells respond within 24 hours to 
heavy rainfall or rise of river near by, but the water level low- 
ers much more slowly than it rises. Under emergency pumping 
the water level has been lowered to 28 feet below the surface. 


The water in these wells is distributed by direct pressure 
through 13 miles of mains to 104 fire hydrants and more than 
1,200 taps. Four-fifths of the inhabitants of the city are sup- 
plied. The daily use is 500,000 gallons; the daily capacity of 
the plant is 2,500,000 gallons. The water pumped at night in 
excess of that used overflows into a reservoir where it is held 
in reserve for emergency. In case of fire the water from this pond 
is forced directly into the mains and the pressure is raised from 
80 to 155 pounds. The contamination of the city mains with 
stale water from the pond is the unsatisfactory feature of this 
otherwise excellent system. 

The water has been used in boilers and for manufacturing 
purposes by the Chicago, Rock Island & Pacific Railway, the 
electric light company, laundries, canning factories, starch fac- 
tory and others, and, is on the whole, very satisfactory. It pre- 
cipitates, on standing, a small quantity of the red sediment that 
is commonly found in drift-gravel waters, and some firemen find 
it helpful to use a small amount of boiler compound. 


level is 1,150 feet. 
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A prospect hole, drilled in 1888 by Rust Artesian Well Com- 


Record of strata in deep well at Atlantic. 














pany of Ithaca, New York, for the Atlantic Coal & Mining Com- 
pany, goes down 1,310 feet. The elevation of the curb aboye sea 
No record was preserved of water-bearing 
beds, as the contract required a dry hole at all times. 
that drilling was stopped because the pressure became so great 
that it caused the casing to collapse. 
short distance east of the railway station. 


Samples of the drillings of this boring were placed at the dis- 
posal of the Iowa Geological Survey by Seth Dean of Glenwood. 
In the following record of strata determinations those in quota- 
tions are supplied by Mr. Dean; those marked with a star are 
from the manuscript record of Mr. E. H. Lonsdale. 


It is said 


The hole is situated a 















Thickness | Depth 
i 
Feet Feet 
meitocene: (No. SaInple) essen eee ements ees Ue ef a 125? 125? 
Carboniferous: 
Pennsylvanian (725 feet thick; top, 1,025 feet above sea level)— 
BRT ER fay eG) a gee ee ee al ng eR a ee 35 160 
“Shale, gravelly’? .-.-.-.. pe ae So ea SO ee 5 Sy Se el 35 195 
“Shale, red and blue, gravelly” ee ee es ee eee oe Se eae 5 200 
“Limestone, gray, sandy” -—.-.. = 15 215 
“Shale, red and blue, with soapstone”_-_----------__-- 5) 220 
Ste RGR ad Why) ee lee, eae ee en 5 225 
“Shale purple, dark drab and green, fine, unctuous; with pebbles (five | 
limestone, one vitreous sandstone, one coal)’’.-.-__--..--_------------- 35 260 
SSE VCR at ob i) Uh fhe es a e 50 | 310 
“Clay, mottled Fatol theo Wap lety eak ea ae ee een 30 | 340 
“Shale, blue Ve ee eee 15 355 
“Shale, red. and blue, with gravel” eee ee eee eee eee ere ee een 5 360 
“Shale, blue; with slate ?c--s.---- ~~ ee | 5 365 
“Sandstone and shale’ -..---._. soe 50 | 415 
“Slate, black; soapstone, blue and green” he a ae Cee ees eee 5 420 
Shale, varicolored, green and reddish; fissile, practically noncaleareous 10: 430 
Py ERTL CRS UOTLGh sec eee seer ee ee 5 435 
CY SNA DC RE mae ites Ere wl ee a Ee ae a ee hele Oe 15 450 
“Shale and limestone’? ~...-. Sot Lee ae ere eee 15 465 
“Shale, varicolored, green and reddish; ~ fissile, “practically. noneal- 
CATGOUS es tao een ed eee Ta 
“Clay and Soapstone” ___.-------.---------------------- 
“Sandstone” 
“Shale, blue” 


Shale, dark gray, very finely laminated, somewhat calcareous__-------- 
“Sandstone, or sandy Nimina Canam roe noe kw 
Shale, dark gray 
Shale, dark brown-gray, noncalcareous, arenaceous, pyritiferous_..-.--_ 


ee er re we we w= we en wa oo ee rn ne 6 5 oe 


Sandstone, brown, bighly7 feorruginous, —--..--~-<--2-2-2 2-22 ee 


“Sandstone” 
“Shale, sandy”’ 
“Sandstone, very fine” 
“Shale and slate” 
Shale, iron gray finely laminated, noncaleareous __- 
“Sandstone, white, very fin 

*Clay, blue, with gravel tS ae a 5 ae a 
*Shale, sandy 
*Sandstone 
Shale, finely arenaceous, ocherous; some black 
Shale, black, carbonaceous 
*Shale, blue, and slate 


oe ee te oS See ow ow ee an ow oe ow we eo ew 2 oe ew ow oe oe oe oe = 






Chee ie epee See ee 


ee ww ow or wo wn rn wn oa = oe oe ow ee we no ~~ 
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Record of strata in deep well at Atlantic—Continued. 





| Thickness | Depth 





Feet Feet 
*Shale; ‘yellow; ,eravelly).c- 265% ae. eee ee eee a eee 40 800 
Sandstone, gray, of finest grain, with much black shale; samples at 800 


and (815. eer e ro ie. Tee ee ee eee eee 25 825 
*LimestonGmesan ay 402s Se ee ee re ee ee ee ee ee ee ; 5 830 
*Sandstone;a brown's <222 22 Ses Seen ee ee ee eee 5 835 
*SandstOneveeray . oa. on cos lee a ee een ee ee ee 15 850 


Mississippian (420 feet thick; top, 300 feet above sea level)— 
Limestone, white, nonmagnesian; white chert constitutes the bulk of 


they sample von. 3S Se eee cere e ees 35 885 
Limestone, blue-gray, argillaceous; quartzose residue, with large frag- 

ments of dark shale; probably from above. hele Ge eee 75 960 
Limestone, yellow-gray; sample chiefly dark brown flint with some chal- 

cedonic Silica; a very littlesquartz-6andsc-seesoe een na eee 5 965 
Flint, brown-gray, calcareous; some chalcedonic. silica; much shale in 

fragments. 5. S50 see eee ee ae ee Poe a Pe ee cee eee ee ee 10 975 
Flint, gray and black chalcedony; drusy quartz; some shale___-_______- 5 980 
Flint, brown, calcareous; some chalcedony; a little shale_______-______ 5 985 
Flint and chalcedony; 5 samples; drillings largely milk-white, trans- 

lucent chalcedony, with brown calcareous flint and some limestone__- 45 1,030 
Limestone, nearly white; much: white chert; 2 samples__--__--.<_-______ : 15 ie "045 


Chalcedony and flint; drillings remaining after original washing made 
up of chaleedonic silica and blue-gray and yellow siliceous fragments 
which effervesce in cold dilute hydrochloric acid, but do not dis- 
aggregate; pure limestone practically absent_--.._______________________ 30 1,075 

Shale and flint; shale, blue-gray, somewhat calcareous_________---___-_- 5 

Limestone, soft, light yellow-gray; with silica as above, and some 





fragments of /shale:4: samples ses se ee ee eee 40 1,120 
Limestone; browns much white Certs... ena ee ee 5 1,125 
Limestone, lighter eolored; drillings chiefly chert; only finest sand is 

limestone and even: this is{silice@us ses. ee ee ee 5 1,130 
Limestone, light yellow, nearly pure; considerable shale in small frag- 

ments, 222 233 ee ee ee ee ee ee eee 5 1,185 
Limestone; as above; much chalcedony and chert__-------_:-_----------. 5 1,140 
Limestone, white; chalky “and! light yellOwe cesssssso ees eee ee eee 5 1,145 
Chert; drillings of chert and chalcedony; at 1,145 feet a few rounded 

grain of crystalline quartz and particles of fine- ‘grained sandstone; 

4 samvlrs,.all of which in mass effervesce freely in acid____:______ 25 1,170 
Flint; black, yellow, and red flint and jasper, with sand of rounded 

grains of quartz; fragments of limestone, chert, and chaleedony_-.. 10 1,180 
Limestone, blue-gray, cherty, and arpilliceots. <ucutnd te piauatetes Oram 10 1,19 
Chert, white and brown; some shale in sample__..__.-...-___-.-_-__--.. 10 1,200 
Limestone, cherty; eTay in. ‘mass. !.S.=2 Jo ee eae eee 25 1,225 
Limestone; siliceous material constitutes one-tenth of sample by weight 20 1,245 
Chert and shale, buff; chert effervescent; shale pink, in fine grains, 

but slightly calcareous abe e ee eere Sano ckaanneana eae oe yen aee ase ae eee 10 1,255 
Limestone, highly arenaceous and siliceous; chert and chalcedony; two- 

fifths of sample by weight insoluble, .s-.-<dai eee ee 5 1,260 
Sandstone, highly calciferous; limestone arenaceous; quartz in minute 

angular "particles; white and yellow-gray; 2 gamples. ole. 10 1,270 

Devonian ? (40 feet penetrated; top, 120 feet below sea level): 
Shale, ‘fine, Slight-erays CalcareOus jeer oensn- ne ccs ecet eas cence eee eee ee 15 1,285 


Limestone, cream-yellow, rather hard; in angular sand___-_---__--_-________ 25 1,310 
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Griswold.—The town of Griswold (population, 949) is sup- 
plied from a 200-foot drilled well which draws its water from 
drift within 70 feet of the surface. A standpipe is used for 
storage and the water is distributed through 114 miles of mains 
at pressure varying from 35 to 100 pounds. 


Lewis.—The water supply of Lewis (population, 603) is chief- 
ly from wells ranging in depth from 40 to 70 feet. The public 
supply is drawn from a dug well seven feet in diameter and 68 
feet deep, in which the water stands 50 feet below the surface. 
The well ends in sand and gravel overlain for almost the entire 
depth by clay. The water is distributed from an elevated tank 
under direct pressure of 43 pounds through nearly one mile of 
mains. 

A well drilled on a valley slope in 1900 as a prospect for coal 
and artesian water passed through seven feet of Dakota sand- 
stone, probably the edge on the valley side, and continued down 
through Coal Measures to a depth of 562 feet, where it was 
abandoned. An excellent spring flows from the sandstone out- 
erop in the bluffs bordering Nishnabotna river and furnishes 
water for drinking and bathing at a summer resort established by 
Mr. D. W. Woodward. 

Marne.—At Marne (population, 266) domestic wells are sunk 
30 to 60 feet to sand layers in the drift. Many of the stock wells. 
demanding a larger supply, are sunk to the lower gravel lay- 
ers, about 200 feet. The city well supplies an elevated tank 
from which water is distributed by direct pressure of 29 pounds 
for fire, street, and domestic purposes. 

Massena.—At Massena (population, 490) there are few deep 
wells, most of the people relying on bored wells 20 to 60 feet 
deep. The city has no other supply than that afforded by open 
cisterns and hand pumps. 

WELL DATA. 


Information in regard to some of the typical wells in Cass 
county is presented in the following table: 
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Typical wells of Cass County. 
cs 
° = 
es - = Remarks: 
Owner Location s Abe 12 (Logs given in feet) 
re a ee 0.2 
o 3 BS on 
A A n” m° | 
Ts 76 Nats Ww. eet | Feet Feet | 
franklin), 
R. Bell---.- SW.2 sec. 24...) 189 |__.____ Sand 2s---- = 179 beg water bed at 
T. 76 N., R. 37 W. : 
(Washington). 
W. B. Berry---|NE.% sec 7... 296) |i aes Fine sand --.-- 150 |Very hard water. 
W. J. Copeland|SE.% sec. 11... 150 | s.22 =. Drittisand, ese 
Julius Kirkpat-|NE.3% sec. 10... 180 | eee ee dove ee 130 
rick 
T.74 N., B..87 W. 
(Pleasant). 
eater of Grvs-|Griswold .—.-. 100 100 |““Blue rock” -- 70 |Valley. 
wold. : 
TOWN fnase eee eno do... 200 70 |Drift  sand-|-------. No water below drift 
T.75 N., R. 386 W. 
(Bear Grove): 
Sam Deverns -_/6 miles south of 865 100 |No water ------|________/In limestone and 
Atlantic. ; 
T. 76N., R. 8% W.| shale. 
(Grove). 
F. OC Schain...|SE.% sec. 29... 110 | 22ee--|Drittisand (—o= 30 |Good strong well. 
Bert Frost ......NE.4 sec. 19... 213 No ceeesae| SONG gocconescee 163 
Polk Byrd ....|NE.} sec. 6-...- 150 4 |Sandstone (Da-;________|Drift, 124; white 
kota). sandstone, 4; red 
sandstone, 18; 
shale, 4. 
O. V. Wilder_..|5 miles south of 128 128 |Drift sand and|________ Abundant water {fn 
Atlantic. : sand Bae gravel 
avel. ver limestone. 
T. 77 N., R.35 W. oe Xd 
(Benton). 
Thomas Kelly -'4 miles south- 
east of Bray- 
v.77 N.. 8.27 W don. 295 245 Birger (Da- 
. : A . | ota). 
(Brighton). 220 Stronk Welle 
L. 8. Allen-_../NW.% sec. 30__. 247 CAE aes, OU) ee 166 [Limestone (Mis- 
T.77 8, R.36 W. sourl) at 247 feet. 
(Pymosa). Water in crevice of 
Winfield Wilbur|7 miles north of 283 250 Sandstone (Mis- 200 If = tone 
Atlantic. souri). sine 2 
Files N., R.34 W ‘ . 
assena). 
W. S. Shields..|NW.% sec. 32-..| 924 178 [No water ----|-----—- 1 (itis. 
T. 74 N., BR. 34 W. f 
(Victoria). 
John Holste -..|NE.% sec. 20____ 240 O07 2 do ctscacen | aeaoeee Do. 
T. 77 N., R. 34 W 
(Grant). 
Town (...o- Anita eee 207 171 |Sandstone (Da- 171 |Hilltop; Pleistocene, 
kota). 171; Dakota sand- 
stone, 86; lime- 
stone Gtissour!) at 
207 fee 
T. 75 N., R. 37 W 
(Cass). 
Town -----—- -. Ibewis tee tesseeat— 562 70 Limestone (Mis-|.....--|Hfllside: Pleistocene, 


souri). 


70; Dakota sand- 
stone, 7; OCarbonif- 
erous, 485. Water 
in limestone at 82. 
Abandoned because 
of caving; drilled 
for coal. 
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FREMONT COUNTY. 
BY O, E. MEINZER. 


TOPOGRAPHY. 


Fremont county is divisible into two distinct physiographic 
provinces: (1) The uplands, consisting of rugged hills and 
ridges separated by innumerable sharp ravines, and (2) the low- 
lands, consisting of broad valleys with flat, monotonous bottoms 
that include nearly one-half of the county’s area. Between Mis- 
souri river, which forms the west boundary, and the abrupt 
margin of the uplands, stretches a flood-plain belt nearly six 
miles in average width; and the valleys of both forks of ‘the 
Nishnabotna are also in most places several miles wide. 


GEOLOGY. 


The bedrock, composed of alternating strata of shale and 
limestone belonging to the Missouri stage (Pennsylvanian), was 
at one time deeply buried under glacial drift which seems to in- 
clude two distinct till sheets—a lower, dark, dense bowlder clay 
(Nebraskan) and an upper yellow and pale blue crumbling 
bowlder clay (Kansan). In certain localities beds of sand and 
gravel are also found between the two sheets, at the base of the 
drift, and perhaps at other horizons. Since its deposition much 
of the drift has been removed by erosion, for not only were 
countless ravines and gullies carved out of this material in the 
upland areas, but the wide, deep valleys were also excavated 
in it. 

After weathering and dissection had progressed far, the region 
was mantled with yellow homogeneous silt known as loess, which, 
according to Udden,’ has an average thickness in Mills and Fre- 
mont counties of about 60 feet and which along the ridge border- 


1Udden, J. A., oes ee ee and Fremont counties; Ann. Rept. Geol. Sur- 
vey Iowa, vol. 13, 1902, p. 
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ing the Missouri valley attains a maximum thickness of 100 to 
150 feet. Since the loess was deposited it, too, has been vigor- 
ously attacked by stream erosion. 

In the valleys the rivers have laid down considerable quanti- 
ties of alluvium, which consists largely of fine silt derived from 
the loess, but which includes also beds of sand and gravel, espe- 
cially at some depth below the surface. 


UNDERGROUND WATER. 


SOURCES. 


In this region much of the drilling into bedrock has been done 
for the purpose of finding coal, and such explorations for water 
as were made have generally yielded unfavorable results. At 
Hamburg a hole was drilled into the Missouri strata to a, depth 
of 180 feet, according to current reports, without finding water, 
and there are other indefinite reports of unsuccessful wells sunk 
into the upper part of this series. The deep wells at Glenwood 
(see p. 1137) discovered supplies in formations far below the 
surface. als 

On the lowlands hard but otherwise satisfactory water is ob- 
tained without difficulty from beds of alluvial sand and gravel 
that lie at very moderate depths and from which the water rises 
nearly or quite to the surface. The driven wells, which are here 
in common use, are inexpensive and fairly satisfactory, although 
some trouble is caused by the incrusting of the screens. 

On the uplands supplies are obtained principally from the 
seepage out of the loess and glacial drift. Water-bearing de- 
posits of sand and gravel exist in certain localities but seem to 
be too largely wanting to be generally relied upon. The loess 
is homogeneous in texture and so constituted that it allows the 
water to percolate through it very slowly. Hence, where it is 
thick its lower portion is saturated even on hills and ridges 
near deep valleys, and if wells are sunk into this saturated zone 
they receive a sure though meager seepage supply, the amount 
varying with the area of the infiltration surface, which, of course, 
depends upon the depth and diameter of the well. The glacial 
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drift, especially in its upper layers, behaves in a somewhat sim- 
ilar manner, but since it is more heterogeneous in its structure 
it is also more diverse in its water-bearing capacity. 

An ordinary dug well which extends through loess or drift to 
a short distance below the water level will usually furnish enough 
water for the small demands of a household, but will seldom sup- 
ply a windmill continuously, and will frequently prove inade- 
quate for stock farms. The yield can be indefinitely augmented by 
increasing the number of wells or projecting drifts out from the 
bottom of a well, the best method probably being to bore with 
a well auger a sufficient number of holes, perhaps 25 feet apart, 
and to connect the latter at the bottom with small pipes placed 
in holes bored with a link auger. (See p. 947.) The difficulty of 
obtaining enough water from, these sources for municipal sup- 
plies is illustrated ,by the experience at Tabor and Sidney, but 
the solution here also seems to consist in increasing the infiltra- 
tion surface. 

Throughout the uplands many ravines and valleys have been 
eut below ground-water level and hence receive a slow seepage 
which gives rise to rivulets and creeks that are extensively util- 
ized for stock and domestic supplies. Numerous springs also 
issue at the base of the cliff along the east margin of the Mis- 
souri valley. ? 


CITY AND VILLAGE SUPPLIES. 


Hamburg.—In Hamburg (population, 1,817) the public supply 
has in the past been obtained from (1) a huge dug well situated 
at the edge of the valley and ending in fine sand, and (2) a 
spring which issues from the cliff that borders the valley. The 
total daily yield from these two sources is reported to be only 
about 20,000 gallons a day, which has-not been enough to meet 
the demands. A system of two-inch driven wells is to be in- 
stalled at a point farther from the cliff, where the alluvium is 
thicker and yields more freely. 

The water is pumped into a large cement reservoir situated 
ort the loess ridge back of the city, 170 feet above the valley, and 
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is thence distributed through two or three miles of mains to 22 
fire hydrants and about 110 taps. 

Sidney.—In Sidney (population, 1,019), located in the upland 
area, several unsuccessful attempts have been made to obtain an > 
adequate supply for the public waterworks. There are two dug 
wells, one 15 feet in diameter and 55 feet deep, the other six 
feet in diameter and 58 feet deep, both ending in a bed of fine 
sand and connected at the bottom by a drift. The normal water 
level is said to be 20 to 25 feet below the surface, but the wells 
fill to a depth of less than 10 feet in 24 hours and together fur- 
nish only about 15,000 gallons a day. Two holes were also drilled 
to bedrock, at about 200 feet, without finding water except in a 
small amount at 80 feet. The waterworks include a standpipe and 
about two miles of mains with 15 fire hydrants and 40 taps. 

Tabor.—Tabor (population, 909) is on the upland nearly 300 
feet above the Missouri valley. Its public supply is taken from 
a dug well 12 feet in diameter and 114 feet deep. The first 80 
feet appears to consist of loess and the rest of yellow ‘‘joint 
clay,’’ which is probably drift. The clay in the last two feet is 
somewhat sandy. The well receives seepage from all levels 
below about 40 ‘feet and will fill within this distance of the 
surface. Its yield has not been definitely ascertained, but it is 
apparently small, though adequate for present needs. The water 
is only moderately hard and is considered otherwise good. The 
system of waterworks consists of two compression tanks, about 
one-half mile of mains, seven fire hydrants, and 31 taps. 

Thurman.—Thurman (population, 336), like Hamburg, is lo- 
eated at the foot of the Missouri valley cliff and gets most of 
its water supply from the alluvium. The waterworks, which are 
owned by a private company, depend on a four-inch well that 
ends with an eight-foot screen at the depth of 92 feet. The water 
rises within about 30 feet of the surface and has been pumped 
for long periods at the rate of approximately 20 gallons a minute 
without noticeable effect. There is less than a mile of mains, 
with eight fire hydrants and 12 taps. The pressure is obtained 
from a storage reservoir on the bluff about 100 feet above the 
village. The water is good, though somewhat hard, and it is 
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estimated that an average of 7,000 gallons is consumed daily. 
The village well has about the same depth as the one that sup- 
plies the waterworks, but most of the private wells are driven 
to depths of only 15 to 30 feet. 


HARRISON COUNTY. 
BY 0. E, MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


A striking contrast to the rugged and thoroughly dissected 
upland that occupies most of this county is presented by the 
_ broad expanses of flat, swampy lowland formed by the Missouri 
valley in the western part, and by its-largest branches, which 
extend diagonally southwestward across the county. This en- 
tire region is underlain by Pennsylvanian rocks (Upper Car- 
boniferous), which consist essentially of a succession of shales 
and limestones, aggregating several hundred feet in thickness. 
These rocks outcrop at a few points and have been pierced by 
the drill at Logan, Woodbine, and Dunlap. Over an indefinitely 
known area, especially in the northeast, they are covered by Cre- 
taceous sandstone and shale; elsewhere they are overlain di- 
rectly by glacial drift or alluvial deposits. The drift comprises 
two sheets, the dark Nebraskan below and the lighter Kansan 
above, separated in some localities by Aftonian gravel. On the 
weathered surface of the Kansan till rests a thick cover of loess- 
like clay. In the lowlands the alluvial deposits of clay, sand, 
and gravel are extensively developed. 


UNDERGROUND WATER. 


SOURCES. 
Ground-water supplies in Harrison county are derived from 
alluvial deposits, loess, drift and associated gravels, Cretaceous 
rocks, and lower rock formations. 
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The deeper formations reached in the public wells at Logan, 
Woodbine, and Dunlap have a certain value for municipal and 
other supplies but they are not entirely satisfactory in either 
the quantity or quality of water that they yield. The Pennsyl- 
vanian strata, though not totally destitute of water-bearing mem-_ 
bers, are generally so disappointing that it is not advisable to 
penetrate them unless it is the intention to drill to the lower 
aquifers. 


A few wells in this region probably draw water from Creta- 
ceous deposits. In some wells shale or ‘‘soapstone’’ was found 
below the drift, and beneath the ‘‘soapstone’’ a bed of sand or 
sandstone saturated with water; other drilled wells have not 
passed through shale, but have been finished in sand or sand- 
stone at depths ranging from a hundred to several hundred feet 
—most commonly about 250 feet; still others have entered shale 
and limestone of the Pennsylvanian series without finding a 
satisfactory water-bearing bed. The drilled wells are two to 
six inches in diameter and are mostly finished with sand screens. 
Wells of small diameter are, however, not adapted to the con- 
ditions found in the uplands, both because of the limitations in 
yield and because of the rapidity with which their screens be- 
come incrusted. Cretaceous wells and other drilled sand wells 
should have a diameter of four or six inches. 


In the uplands the two principal water horizons above the Cre- 
taceous are at the contact zone between the loess and the Kansan 
and in the Aftonian gravel between the two drift sheets. Neither 
of these generally supplies water readily enough for drilled 
wells, although they furnish a satisfactory yield for bored wells. 
The upper of the two beds is characterized by white calcareous 
accumulations of ‘‘chalk,’? so commonly found near the bottom 
of the weathered zone of the Kansan drift, and also by sandy 
and gravelly seams that are frequently cemented into a ‘‘hard- 
pan.’’ The water which percolates slowly downward through 
the loess saturates the sandy and gravelly material at this level 
and is hindered from descending farther by the impervious un- 
weathered drift. The Aftonian gravel is only vaguely recog- 
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nized in wells and, indeed, is reached in few. Where sufficiently 
developed it ought to furnish more water than any deposit at 
a higher level. 

In the lowlands generous supplies of hard but otherwise good 
water are obtained by means of inexpensive wells, the best type 
of which are driven or drilled and end in screens. The most 
copious yield is secured from the coarsest materials and these 
are most common near the bottom of the alluvial filling, but the 
amount of dissolved iron is generally greater in this deeper water 
than in that near the surface because it is less accessible to the 
oxygen of the atmosphere. The water from all parts of the allu- 
vium rises within a few feet of the surface and can be pumped 
at small cost by means of suction pumps. Examples of large 
supplies obtained from this source are afforded by the railway 
~ and city wells at Missouri Valley and the railway well at Dunlap. 
The wide distribution and great importance of the alluvium as 
an aquifer will be realized when it is remembered that the Mis- 
souri Valley wells are located on the Missouri bottoms six miles 
from the river, and that the Dunlap well is located near the 
northeast corner of the county, many miles from where the Boyer 
valley opens into the Missouri. 


CITY AND VILLAGE SUPPLIES. 


Dunlap—tThe public supply of Dunlap (population, 1,155) is 
obtained from a well 1,53534 feet deep, six and one-fourth inches 
in diameter, cased to 400 feet. The curb is 1,151 feet above sea 
level; original and present head, 47 feet below curb. The tested 
eapacity is 80 gallons a minute. The well was completed in 1887 
by J. P. Miller & Company, of Chicago, and was repaired about 
1903 by inserting smaller casing. The strata penetrated are in- 
dicated by the following section: 
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Record of strata in Dunlap city well (Pl. XI, p. 458). 
























Depth 
Pleistocene: Feet 
ODIMOWD | arena se ons cccn sac seco sewed an eneecaeceeese nese eee es eee eee 0-50 
Sand). 22-2 ee wa dekn decd caus cceeesc bee ccen cece ee Oa 
Gravel; pebbles of northern drift and sand_--_------------------------------------------| 70-95 
Gravel; pebbles of northern drift, at---..-.-- 150 
Cretaceous and Carboniferous (Pennsylvanian) (307, feet thick ‘Gninimum); ‘top, "926 feet 
above sea level): 
Shale, drab? onus enn ee aces ee enenasew enon etna neeseneeasa sass sese ans ae ee a 225 
Shale, pink, at —__------- caroneeseee See pene oe! 800 
Sandstone, ‘grains varying ‘widely in size. ‘and ‘imperfectly "founded, at... eee 392 
Shale, dark drab, ea ence acne ed Sa ee a 400 
Shale, black, noncaleareous, [| ae ee eR er OnE ee ee Ae 450 
Shale, pink and purplish, at----------_ Pea Se 480 
Carboniferous (Mississippian) (288 feet thick; top, 619 feet “above sea. ‘Tevel): 
Limestone, white, soft, chalky; with gray-green shale at----------_.---------__--_______ 532 
Limestone, white, hard; of “finest grain, at_--.- 2-2 Ss sccae ee — ee 600 
Limestone, light yellow. -gray, cherty, at 650 and_-------.-_--.. = ae 708 
Limestone, gray, finely crystalline; fracture subconchoidal, atc ee £ 797 
Devonian (?) Silurian and Ordovician (715% feet penetrated; top, 331 feet above sea Jevel): 
Limestone, Magnesian or dolomite, brown and buff; 3 samples, at 820, 875 and_.__.__ 890 
Shale, light green-gray, calcareous; 2 samples, at $70 and_.--<-2---.--.> 980 
Limestone, magnesian, light yellow-gray, and shale, green; all in concreted powder, at| 1,006 
Limestone, highly argillaceous, yellow; in almost white powder; 3 samples, at 1,020, 

1,050 ANd cack cc cn he cence en seen mene enene commen s as en en eena see ce ae ee eer 
Shale, gray-green, calcareous, at----..-- eens a ceneranee ana censea noses nee ee 
Limestone; as at 1,010: feet; 2 samples, at ch ,184 and_-- 1,241 
Shale, bright green, noncalecareous, at. ee ee ae 1,295 
Dolomite, buff, pyritiferous, slightly arenaceous, at-_-_-----------------------__--- 1,375 
Dolomite, buff; much chert carrying disseminated crystals of pyrite; a few grains of 

limpid quartz, some of which are rounded; a little chalcedonic silica, at--_-._---____|. 1,400 
Dolomite, highly arenaceous; or calciferous sandstone; grains varying in size, Many 

coarse, imperfectly rounded, .at.—___-_-_____-_ = — 2 See 1,517 
Dolomite, white; in fine powder, with arenaceous rounded grains, quartzose and cherty 

residue: at bottom of well, at_2-22— 2__ 1 2 re eee 1,5853 








The arenaceous dolomite at 1,517 feet possibly represents the 
Saint Peter, but it is also possible that the Saint Peter is absent, 
and that the shales and clayey limestones from 1,010 to 1,295 
belong to the Platteville, and the dolomite from 1,375 down to 
the Shakopee. 

The samples are said to have been taken at every ‘‘change”’ of 
rock. 

The water is lifted into a standpipe and thence distributed by 
gravity through one-half mile of mains. It is used by a smal) 
proportion of the people and the daily consumption does not ex- 
ceed 10,000 gallons. The water is very hard. Large supplies of 
less mineralized water are available in the valley at no great 
depths below the surface. | 

The Chicago & North Western Railway well at Dunlap is sunk 
into the stream deposits of Boyer river valley. The section is 
as follows: 
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Section of Chicago & North Western Railway well at Dunlap. 








Thickness Depth 








Feet Feet 
CR CEST h 2 ae See ae eS A ee ee 20 20 
COG) ae ee ee ee aS ee ee 12 $2 
Bani ecoarse (Waters DCATINg ssa ea eee ee are tee ered en enero ee noes 28 55 
Olay, blue (entered). 











This well is 12 inches in diameter and ends with a 14-foot 
sereen. With the suction pipe extending 40 feet below the sur- 
face, it is reported to be pumped at the rate of 300 gallons a 
minute and to furnish about 100,000 gallons daily. 

Logan.—The public waterworks at Logan (population, 1,453) 
were until recently supplied from two wells—a shallow open 
well and a deep drilled well—both located in the valley. The 
open well is 20 feet in diameter, is cased with brick, and ends 
at a depth of 32 feet in a bed of sand resting upon rock. It fills 
with water within about 10 feet of the surface but its yield 
is not great. The water is hard, though otherwise good. 

The public supply is used by most of the inhabitants, and the 
daily consumption is estimated at 30,000 gallons. The pressure 
is secured from a reservoir located on the upland. The supply 
for the Illinois Central locomotives is taken from large dug 
wells in the valley. 

The drilled well is 840 feet deep, 10 to six inches in diameter, 
is cased with 30 feet of eight-inch pipe to rock, and 570.feet of 
six-inch pipe, heads 30 feet above the curb, and has a natural 
flow of 13 gallons a minute. The water bed is shale at a depth 
of 650 feet. The well was drilled in 1902 at a cost of $2,000. 
The water is called ‘‘mineral.’’ It is generally liked by the 
people and is said to be soft and wholesome and to have a mild 
laxative effect. 

Fortunately for the interests of science one of the citizens of 
Logan, Mr. C. N. Wood, obtained at his own expense from the 
drillers a fairly complete set of samples of the drillings, and 
submitted them to the Survey for examination. The following 
table presents the interpretation of the samples: — 
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Record of strata in city well No. 1 at Logan. 











Thick- | Depth. 

















ness 
Oarboniferous: 

Pennsylvanian— Feet | Feet 
Unréecorded 2 2 cee ee eee re oe etre ee ee 22 22 
Limestone, blue-gray, earthy, soft, and light buff, harder? in large chips; 

rapid: effervescence —.... <<. eee ose eee een eee eater 12 _ 84 
Shale, greenish, practically noncalcareous; some yellow and red shale; 

chips of light yellow limestone; in molded masses-_------------------------- 8 42 
Shale, copper-red, calcareous; a few cuttings of limestone_---------------__ 18 60 
Limestone, light yellow and blue-gray, compact; and sandstone, micaceous, 

fine- grained, light’ blue-grayy so 222 ee eee ene 10 70 
Shaie;\drab and blue or greenish grays-2--_2-_ ee eee 40 110 
Limestone, grayish buff, very fine- grained, compact; smooth fracture; fos- 

siliferous; in large flakes. .{ veto ee ee Se 5 115 
Limestone; as above, with greenish crystalline limestone and some reddish 

clay staining surfaces of limestone cuttings__...-------..------------------ 10 125 
Shale, red and greenish, hard, calcareous, in cuttings, some ‘limestone 

CHIPS eo a er ee ee ee eee eee ee 5 130 
No} samplés’)2:-222222 5 eee ee re ee eee eee 25 155 
Shale, blue-gray and drab; some yellow limestone cuttings; some fine- 

grained -greenish laminated ‘sandstones.---u-el = ssa ee eee 10 165 
Limestone, blue-gray, close-textured, earthy; in rather large chips; fos- 

siliferous; with some reddish brown shale from above (?)------------------ 4 169 
No ssaniple. i 2 ee ee ee ee eee as 184 
Limestone, highly argillaceous, blue-gray, earthy, soft____.-__--.--------- 6 190 
Shale, highly calcareous; in chips; cemented by rusted iron cuttings, evi- 

dently) trom. tools droppéd: in the well 222 ee ee eee 15 205 
Shale;-ireddish (¢2c.2 2.2 ee ee ee ee eee 40 245 
Shalesblack, coaly (cic 25 ee ee ae ee er 15 260 
Shale, light greenish gray, somewhat calcareous, plastic; in molded masses 15 275 
Limestone; dull‘ luster, light “era yosse se ee eee 5 280 
Shale, drab, fissile, caleareous; some limestone cuttings_____..___..--_----- 6 286 
Shale, dark drab and green-gray, hard, fissile, caleareous______--_____-_---__ 4 290 
Sandstone, gray, micaceous, fine-grained; grains imperfectly rounded_-__ 15 305 
Shale. vellow. vlastic; in molded masses; a little ocherous limestone___-_ 20 325 
Limestone, yellow, argillaceous; in fine cuttings; fragments of joints of 

crinoid: stems; chips of shale of various colors__--.-__.-.-.-.-=. ==. --2= 25 350 
Shale;sorange and other colored: ‘plasti¢=.-2)-== 2 eee 50 400 
No/"samples) S26 202-8. 5 ee ee ee ee eee 155 555 

Mississippian— 

Limestone, drab, argillaceous, slightly gritty; much translucent milky- 

white chalcedonic silica; in small cuttings; some grains of crystalline 

QUOTE oe ease nee cca ee ee ee ee ee eee 5 560 
Limestone, gray; in fine sand; much chalcedony: some quartz grains im- 

perfectly rounded 3. esi eo oe Je ie ee ee 20 580 
Limestone, gray, yellow-gray, and light drab; fine crystalline-granular; 

some white cryptocrystalline silica and some shale in powder and small 

cuttings» 2.0222 Ses ee ee eee eee 5 585 
Limestone, light buff in mass; fine crystalline-granular; some cryptocrys- 

talline’ silica "and “some (quartz sands. 2. ee ee eee 10 595 
Limestone; as above; and some white; in coarse sand______--_-_-__________ 15 610 
Limestone, whitish and light yellow-gray; some rounded quartz grains____ 10 620 
Limestone; as above; a very little eryptocrystalline with white silica and 

some quartz “San > 23s oe ns oe ee ee ee ee ee eee ee ats 635 
Limestone, pure white, fine- greed po ec ee eee en ee ee ene ee 20 655 
No. samples 22 See 2 Se es a ee ee ee (2) (2) 
Limestone, blue-gray and light yellow-gray; in fine sand, sample labeled 

to ITIOW S22. 2 oe ee es a ee ee ee eee (?) 770 
Limestone, = whites: in? ‘fine meal ssn a ee ee eee 10 780 
Limestone, light grayish white; in fine sand; this and all other limestones 

of the samples effervesce rapidly in cold dilute hydroehlorie acid_________ 41 821° 
No samples, but reported to be no change in strata__________________________ 19 840 











Another city well has recently been drilled at Logan. The 
depth is 954 feet and the diameter six inches; casing, six inches 
to bottom of well. The curb is 1,033 feet above sea level and 
the head 80 feet above curb. The flow is 200 gallons a minute, 
the principal supply being at 940 feet; other water beds are 
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at 36 and 454 feet. The well, which cost $5,000, was drilled by 
L. EK. Nebergall, of Omaha, Nebraska, in 1911. 

Missouri Valley—The public supply of Missouri Valley 
(population, 3,187) is obtained from four six-inch wells located 
a short distance from the margin of the valley. The wells pass 
through clay, ‘‘hardpan,’”’ ete., and end with 10-foot to 14-foot 
brass screens at a depth of 85 feet in a bed of gravel from which 
the water rises within four to five feet of the surface. 


By means of a suction pump at the surface, the wells are 
usually made to yield 550 gallons a minute, but they are re- 
ported to have been pumped for 17 hours continuously at about 
600 gallons a minute. The water is rather hard and in time 
seals the screens with chemical precipitates. A dug well with 
a group of sand points was at first installed but was not so | 
satisfactory as the wells now in use. | 

The water is stored in a large cement reservoir on the top 
of the bluff and is delivered under considerable pressure through 
about six miles of mains to 60 fire hydrants and 500 taps. It 
is used by a large proportion of the people, the average daily 
consumption from November 1, 1908, to November 1, 1909, hav- 
ing been 170,500 gallons. 


The Chicago & North Western Railway owns two wells, about 
25 feet apart, sunk through the alluvial deposits to a depth of 
90 feet and finished with screens in a bed of gravel that is said 
to rest on rock. The water rises within five or six feet of the 
surface, and the pump cylinders are placed 14 feet below the 
surface, with suction pipes extending lower. According to the 
man in charge, nearly 200,000 gallons of water are taken from 
these wells every day. 

Persia.—The waterworks at Persia (population, 358) consist 
of a tank elevated upon a tower and connected with about one 
mile of mains. The supply is at present drawn from a well four 
feet in diameter, sunk about 50 feet into clay from which it re- 
ceives a seepage of hardly more than 2,000 gallons per day. A 
hole bored to a depth of over 100 feet discovered a bed of quick- 
sand at about 60 feet which yielded only a small amount of 
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water. There is, however, little question that an adequate sup- 
ply for the waterworks can be obtained without deep drilling. 

Woodbine.—The public supply of Woodbine (population, 
1,538) is derived (1) from an 840-foot flowing well whose small 
natural flow (12 gallons a minute) is augmented perhaps three- 
fold when an air lift is applied; and (2) from a dug well, 18 feet 
in diameter and 26 feet deep, which ends in a bed of sand and 
gravel but does not seem to furnish much water. The deep 
well, which was put down by J. Shaw in 1905, is 12 to six inches 
in diameter. Altogether about 25,000 gallons of water are con- 
sumed each day, requiring the operation of the air lift for six 
hours. The waterworks include a standpipe and about three 
miles of mains. The deep water is said to be very hard and to 
produce much scale in boilers. 

No record of the strata has been preserved, but the succession 
is probably closely that of the Logan deep well (p. 1134) and 
the water bed is Mississippian. 


MILLS COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 





TOPOGRAPHY AND GEOLOGY. 


The surface of Mills county consists of hilly upland areas 
separated by broad tracts of flat lowland through which the 
principal streams meander. The unconsolidated deposits con- 
sist of glacial drift, loess, and alluvium; the bedrock, to a depth 
of 670 feet in the deep well at Glenwood (Pl. XVIII), consists 
almost exclusively of alternating strata of shale and limestone 
belonging to the Missouri stage of the Upper Carboniferous. 
In some localities thin beds of sandstone, referred to the Cre- 
taceous, lie between the Missouri strata and the drift.’ 


1Udden, J. A., Geology of Mills and Fremont counties: Ann. Rept. Iowa Geol. 
Survey, vol. 13, 1902, p. 161. 
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UNDERGROUND WATER. 


SOURCES. 


The thick Missouri stage contains so little water, and that 
little is so highly mineralized, that wells should not be sunk 
into it unless it is intended to go to great depths for artesian 
supplies, as in the Glenwood wells (p. 1139). Ordinarily, water 
must be obtained either ’from surface sources or from the de- 
posits above the Missouri. The lowland and upland ground- 
water conditions differ radically. In the lowland areas abun- 
dant quantities of hard but otherwise good water are obtained 
by driving inexpensive points to beds of alluvial sand and gravel 
at slight depths; in the upland areas more meager amounts of 
equally satisfactory water are obtained from large wells dug 
or bored into the loess or drift. In the former areas large sup- 
plies can be developed by driving a sufficient number of sand 
points, connecting the wells at the top, and drawing from all 
simultaneously; in the latter it is difficult to obtain large sup- 
plies, but the yield can. be increased indefinitely by expanding 
the infiltration surface. In some localities layers of sand or 
sandstone (either Aftonian or Cretaceous) are encountered and 
copious supplies obtained, but such water-bearing layers are 
not everywhere found. 


SPRINGS. 


Springs are abundant in Mills county. Seeps which give rise 
to rivulets occur in many of the deep ravines that have been 
cut into the uplands below the surficial water level, and many 
springs also issue from the cliffs bordering the main valleys, 
the water coming from Aftonian gravel, from the base of the 
drift, or from more or less porous materials at other levels. 


CITY AND VILLAGE SUPPLIES. 


Glenwood.—The public supply of Glenwood (population, 
4,052) is pumped from a deep-drilled well (Pl. XVIII), which 
has a depth of 2,000 feet and a diameter of 10 to four and three- 
fourths inches, cased to 1,773 feet. The curb is 1,132 feet above 

72 
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sea level. The original head was 171 feet below curb; head in 
1909, 180 feet below curb. The original tested capacity was 60 
gallons a minute; tested capacity in 1896, 83 gallons a minute; 
tested capacity in 1908, 108 gallons a minute. The well was 
completed in 1891 at a cost of $7,265 by the American Well 
Works Company, of Aurora, Illinois. 


Character of water in Glenwood city well. 














Depth of | Head 
water below 
bed surface 
Feet Feet 
Fresh ooo ee a ee ee ea eee i? | eee 
Salt 2 ee ee ee cena eee aeeeeraae 716 176 
PSN ie a SE ER SE let an Bs Fe be AB he ey pd 825 
Fresh ‘sso re ree ba ee ere a en eee ea ae eee eect 1,008 40 
Presh® ee eee eee 1,210 126 
Bregh © on cdo ece as cases mee res ere aa ae ee pe 1,668 100 
Bregh © concent cece coast cn aw coon acenaseenaeens sseneeewassananebassescsaes se taenasee mene 1,794 
Wregh .22dses sc Bicwkscndn nce kee acces ea nee ae eee a eee eee 171 


The following data concerning pumping tests have been sup- 
plied by Seth Dean: On January 28, 1890, the pump was started 
at 10 a. m., pumping 50 gallons per minute. The temperature 
of the water rose from 60° F. at 10.15 a. m. to 66° at 11.30 a. m., 
to 68° at 12 M., and to 69° at 3.15 p. m. 

A second test was made July 26 and 27, 1892, after the salt 
water had been cased out. The pump was started at 4.30 p. m., 
pumping 60 gallons a minute. The temperature of water rose 
as follows: 4.50 p. m., 60°; 5 p. m., 62°; 5.40 p. m., 66°; 6 p. m., 
69°; 8.17 p. m., 72°; 2.45 a. m., 7214°; 9.45.a. m., 72%; and 11 
p. m., 72144°. Probably the gradual rise in temperature is caused 
by the increasing proportion of water drawn from the lower 
vein. — ; 

The well was repaired about 1904 by replacing some joints 
of casing, but without effect on the discharge. The cylinder 
(not more than six inches in diameter) is set about 280 feet 
below the curb. The pump is run continuously 16 hours a 
day, at a speed of 16 to 17 revolutions a minute; running the 
pump faster does not increase the yield. 





ety (175 feet thick; top, 1,132 feet above sea level): 


ewe ew on on ow wow eo we enna. _ 


Till, ‘yellow; greenstone, \and other spebbles.- +s s--s 5. -- 502 - = 
Carboniferous: 
Pennsylvanian— 
Missouri stage (670 feet thick; top, 957 feet above sea level)— 
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Record of strata in city well at Glenwood Pl. XVIII, p. 1100). 

















coarse 


Limestone, soft, light and darker gray, cherty--------------------.----- 
Limestone, dark blue, argillaceous, pyritiferous.......-.....--...--.--- 


“Shale; .black,. CarbDoOnaceOus or s-sa escsee ek ee ene cas eo ae cela 
Olay, bite se eh ayn ee eae a oe rae rere ea te ee 
Shale cri Srey eee a a ee ote ose 


Limestonew gray 7 earthy lusterssses eee eee et eae enol ee ees 
Shale, dark blue-gray, fissile; disks of crinoid stems and fragments of| 
ETO CC UTS ae a a ee tna ee ott ee 
Limestone, gray; luster, earthy; compact, moderately hard; with 
crinoid stems, echinoid spines, and fragments of brachiopods------ 
Shales, > blackaccarvOnRCeOUn fect eee ee 
Limestone, soft, yellow-gray, with Fusulina__.-...-._--...-_.-. 
JAC N CAPM 0) cats} ¢ pe BRN eB Te oe ew a a fie 
Limestone, light yellow, iO SUb i Qo lo se eee eS 
SAS yi ATO pee aes ee re eee Soe OE Se es ee oe s. 
Limestone, brecciated; sample consists of two large unfractured masses 
of very hard limestone breccia; limestone gray or reddish; matrix 
greenish gray and argillaceous; but hard. 2.s.22-..-2- 2s 










Bandstorc cree ee a eae Ses es ee ee 8 eee 0 oe 
imestone,, areillacsous pital. PTAY eo cuns etc cces se eeeee ce eee cl 
SIC Ow epee et) Eien ee ee ee ee ee eee 


imestones COMPpact essences we eee no oe one pes ere eee saan eo cee 
Shale, greenish gray, arenaceous, caleareous__.-.......-------.--L_---.- 
Limestone, hard, gray; highly cherty at 358 feet._--..-..---._--___-__--__ 
Shale, hard, greenish gray, highly caleareous__--.-.-..--.---__--------.- 
Limestone, light greenish gray, highly argillaceous___---.---_-____--_----- 
Limestone. light yellow-gray, compact, fine-grained 
Shale, black, carbonaceous; and greenish gray, hard_---.---__--_---__---- 
SMarl,, white7ges coe oes mee ree eee ate ae ee eee pe ea sce secenccanes| 
Dimestone, Ward seek hy pease esas on eee ee eee erent nas ae cceceee ees 
Shale, gray; and limestone, argillaceous.-.—-_.......-...-...---...--—... 





Shale; varicolored ge. -— sce stew ee eae oe ne co ae ieee ew eke caneseecscawsean 
Simestone, ely.) GlOKG 1 tex UUILOC ee ee eee ae encom eeceen 
Limestone, hard, blue, highly argillaceous; crinoid stems and fragments 

OL brachiopods Wawa eee ae ee hans case ase cen seen nencens 
Shale, |lack, carbonaceous; impure gray limestone_-.__-_---------_-_-_- 
RANGRtONG «ome essa eee meee ree ae eee rae a eee Sata aegaewan Lecksaes | 
Limestone, white and light gray, close textured; earthy luster__-_-_- | 
Blate,. Dlack yo -ctece ence as een ore en ees ee eu eckcecssacseace! pay cel 
Limestone, yellow-gray, fossiliferous, crystalline to earthy_-------------) 
Shale, dark and greenish gray; with Chonetes___....-..--_..-----__------ 


Limestone, light yellow-gray, soft, fossiliferous..------------- 
Shale,” green? calcareous) =—_-- 2 | 
Limestone, white, soft, crystalline to earthy__--. = 
Shale, gray, highly calcareous, fossiliferous..------.--------.--.-------| 
Shale, black, carbonaceous, dark drab----_.--._----.-------_-------------| 
Limestone, white and light colored; in places fossiliferous, with 1 foot 
of “coal?” at 612 feet, and brown chert at 6385 feet; 9 samples_-_) 
Shale, varicolored, arenaceous; with minute angular particles of lim-| 
Pid: QUBEUZs = 2 BTID ee een ee os ence neacens 
Sandstone, greenish gray, close and fine-grained, argillaceous and cal- 
careous; some siliceous limestone, hard, subconchoidal fracture; with 
much shale at 706 and 711 feet; vein of salt water at 716 feet-_..----_- 
Coal and black PUSS oo, RE ak ov SE REE Sale 
Shale, blue ‘.:.c.- Se Se ee 
Limestone, gray, hard; fracture subconchoidal; “close “textured; fos-| 
siliferous and flinty at 732 feet; 4 feet of blue shale at 730 foots sss 
[od EC pe ee ee ey et ee ee Se 
Limestone, arenaceous --.-.---.---. = ee 
Shale, dark blue, caleareous; and “black, ~ carbonaceous 
Sandstone, dark brownish gray: calcareous; ferruginous; argillaceous; 
fossiliferous, with Chonetes and other brachiopods_-__-_------_-----._-- 
Limestone, lighter yellow-gray; highly fossiliferous in places; shale at| 
PUPS Go mm a No a ss ha men oes 
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Feecord of strata in the city well at Glenwood—Continued. 








Thick- |Depth. 
























ness. 
Feet Feet 
Shale, black;. slaty 2-..2-.2i222)4_%e2- 22 ee ee eee 2 793 
Shale; QT@y soos cu wo cw ee ee vi 800 
Limestone’ with: shale. .2. 2 22 ae ee ee eee 15 815 
“Shale, (blue with sandstone iband’-2-- <2 eee 10 825 
Sandstone, fine gray, micaceous; vein of salt water_---._-_-_-_-_-______. 20 845 
Des Moines stage (390 feet thick; top, 287 feet above sea level)— 
Shales; some fossiliferous, in places carbonaceous; mostly noncalcar- 
eous; of various colors; limestone at 868 and 885 feet, and 956 feet; 
coal at 956 feet: pyrite at O01 feet; 17. samples_-_—._.---_- = _<_-_ e 17 962 
a Limestone. } .-<.. tens Seed ees ss ea ee a ee ee ee 3 965 
Sandstone and shale, Zossiliferous¢i--2-s02.222 ee as cee 24 989 
Sandstone, gray, soft, argillocaleareous, fine-grained__......-__._______ 9 998 
Shale, hard, brittle, noncalcareous, green and brown-----------------. 10 | 1,008 
: Sandstone, gray, cwater ,bearing. 2. -.222.-2 eee 17 | 1,025 
: Shale,. hard, brittle; of various bright colors; finely laminated; frac- 
ture ‘splintery; noncaleareous) [a2 SoS ee ee ae ee ee cnac es eee 20 | 1,045 
Shale, arenaceous -—-----...-...-. 36 | 1,081 
Shale, black, carbonaceous 7 | 1,088 
Fire clay, gray; in molded masses \25. 22s. S2ee  e ee 6| 1,004 
Shale, black and gray; some sandstone 220-22 Se eee 8 | 1,102 
‘ LAMestone on awn ma ce se sa ee ere an ele ee eee 3 | 1,105 
‘ Shales, varicolored, hard, brittle, noncaleareous ~-------.---.-______--_- 237) 1,128 
Sandstone, fine-grained; with shale; 2 samples__._.—___._._--_____-_-__ 22 | 1,150 
Shale; mostly black, brittle, .splintery 2-2-2222 eee 10 | 1,160 
Sandstone; ‘4 samples (212.2202. 2s Se eS ee eee eee 30 | 1,190 
Shale) -black,! hard} @fissile (22 2S a ee Se ee eee 5 | 1,195 
Chert, gray, with shale, limestone, and sand 2-92-22 = 2 ee 10 | 1,205 
Sandstone, gray; grains of moderate size; imperfectly rounded; 2 
SATDDICS | oan ne ones ec eee ae seen eet eee arene ee eee 80 | 1,285 
Mississippian— 
Chert; with limestone, chaleedonic silica, and quartz sand; the latter some- 
times seem embedded in the chert; 5 samples ~-.-.-..--_-----------__.------_-- 45 | 1,280 
Sandstone; argillaceous; in dark gray powder]. eee 20 | 1,300 
Chert; with chalcedony; limestone, and at 1,305 feet much shale; 5 samples 70 | 1,370 
Shale, highly calcareous; in blue-gray concreted powder; residue after wash- 
ing, pyritiferous chert, quartz sand; a little glauconite, and nonmagnesian 
limestone; (3 samples /=2-. 2 i ee ee ee eee 35 | 1,405 
Limestone, cherty, argillaceous; blue-gray; 3 samples ------__----------.-__--_- 60 | 1,465 
Limestone, -gray;.2 samples | oo ee eee eee 45 | 1,510 
Shale, highly quartzose and caleareous, in light blue-gray powder; 3 samples; 
quartz particles .minute 22-2. 2322 > 22. 2s re ee ee 90 | 1,600 
Shale;:.green,. Massive, 2-2 Sa ee eee ee eee 44 | 1,644 
Limestone; in flakes; some light yellow-gray; some soft and white; nonmag- 
nesian; compact; some chert: at: 1,640 feet. ee eee 24 | 1,668 
Limestones, magnesian, or dolomites, crystalline; drab, buff and brown; 
largely in sand; .effervescence slow?. 4 samples 2-3 2-2 eee 41 | 1,709 
Limestone, brown and gray; considerable green shale at 1,720 feet ~..-._______ 24 1,783 
Limestone, magnesian: or dolomite, brown, roughly erystalline; 4 samples__ 32) 1,765 
Sandstone, gray; grains of limpid quartz imperfectly rounded, with some 
Crystals. 2222.55. ae eae ne alae ice eae eee ee eee 19 | 1,784 
Limestone, magnesian; or dolomite, buff and yellow; 3 samples___-___-________ 28} 1,812 
Limestone, somewhat magnesian; moderately rapid effervescence; in brown 
and ‘buff crystalline sand; 2 samples) 225ss2 oe ee eee 20 | 1,832 
Limestone, magnesian; and dolomite. erystalline, vesicular, brown and buff_- 68 | 1,900 
Dolomite, light yellow-gray, cherty; 3 samples ~___---+__--_--_._-__-___-______ 24 | 1,924 
Dolomite, greenish gray; ‘argillaceous residue (2.22 - Ss a eee 6 | 1,930 
Dolomite, light gray; much gypsum; water bearing --------_-.-------.----_______ 8 | .1.938 
Gypsum; in light yellow concreted powder; now highly indurated_____________ 3 | 1,941 
Dolomite, gray; flakes of gypsum and selenite; 4 samples___-__________________ 39 | 1,980 
Limestone, gray, somewhat magnesian, seleniferous, argillaceous___________- 10} 1,990 
Shale, \sofit,#ereenish; ‘calesreous.2= = eee ee eee 5 | 1,995 
Dolomite, gray; in powder; highly seleniferous__.---.__-___-_-_________- 1s 5 | 2,000 





Shale, hard, green, very slightly calcareous. 
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The distribution system consists of two standpipes and about 
three miles of mains with 16 fire hydrants and 146 taps. The 
water is rich in sulphates and chlorides, but is freely used for 
drinking and culinary purposes and is also employed in several 
stationary boilers with fairly satisfactory results. It is esti- 
mated that 50,000 gallons are consumed in an average day, which 
requires the operation of the pump during a large part of the 
time. 

The supply for the State Institution for Feeble-minded Chil- 
dren at Glenwood was formerly obtained from a well 1,910 feet 
deep which was similar to the city well. The curb is 980 feet 
above sea level; casing, 8 inch to 822 feet, 7 inch to 1,011 feet, 
614 inch to 1,103 feet, 5 3-16 inch to 1,515 feet, and 41% inch to 
1,640 feet; casing perforated at 1,450 and 1,600 feet. The 
original head was five feet below curb; head at present, 10 feet 
below curb. Temperature, 66° F. The well was completed in 
1897 at a cost of $4,800 by F. M. Gray, of Milwaukee. 


The driller’s log, which evidently does not record all the strata 
passed through, is as follows: 


Driller's log of well No. 1 of the Iowa Institution for Feeble-minded Children 
at Glenwood. 














| Thickness.| Depth. 











Feet Feet 

HBV Sole RE ae on tn Ee et See ote 2. 2 Set 8 5 eS are 35 35 
TD SERERE Si ee Po Ge aie ta BES ee | a a a a 5 40 
SEEM ARACK. yess 2 ee ee eee ee eT ee Pe Nae ay 2 neg tee ee pS ee 45 
SUSE OCOD ATE Sy Cs gm Me SS Se a) a NN Tie Le ite ae ae 20 65 
TO) TCI ope) Gp Rema Og es 2 eh ee ee ee ee eee 10 100 
rpc LCase ce one Cee eee eens 2 See eye ee ae eke eke 380 140 
Limestone ee ae a SR A, SOR A pe Cas eee 40 200 

pai oye Mpeg Ce EIN ee eh et ES ee ee ee ee ee ee ees 256 
Shale, CCL a re ee ee ee Re saceeks 10 280 
L JOTI, oe ee ee ee eee eee es, Lie eee 15 305 
BBG DIACK 92sec ee oe eee en a eee en noe ene eee newe 208 340 

UCIT Osteen ee ee ee eee ee 30 360 
BES POR PO DIO fe oo rn eee oe ne ee es ene meena nee nae 10 430 
SEHD Ee gt eR BP eS ee eee ee 5 445 

MEMEGO LD) WICC: 252 Sonne ae oer ee ee ee ee kan eat amen 4(?) 475 
SUVA. [9 tppeeeiae eeae Se e  l o ae  e e ee e e 20 479 
Olive, Otek Ae aE a A Ee ep ee ey Se ee 80 
PINGS LON GB econ scaena cde dau enema en mete dead ve anon punctaecsndselacuess 10 529 
ehaie mek: COBY 6 ee eerste eS ee 1 549 
Porat GCRT Int...) eat ee ee ee ee eee er Bee ae eS 1 550 
Saedstone) rith Balt ‘WaeCer tee eee ee ee ee se 7 575 
Veh ol Ob [bp 5 pa OS ae ae ae ke 2 Ea ae a eee > BL By 10 625 
OE Se SESS BADGE Se SY 28 TERME CRED SCR, ES 5 640 
tia ie gtd with pyrite (approximate base of Missouri in city well)--------- 2 655 
Bieler TORT ces Se eo ee ee ee ore ee ee en 10 690 | 
Shale, mah pa lA Sa et Ba A ep 8S 3 ea ok kV 2 715 .' 
Miner’s VEE ee ee Sale Sa ee ee ee Se 10 732 





RIOR TIBLOTIO Bese ete re ee ree eee ee ee ae a ee 10 780 
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Drillers log of well No. 1 at Glenwood—Continued. 

















| Thickness Depth 

‘ Feet} | Feet 
Miner’s slate. with pyrite... 22-2 ee ccc cncccceese seasee | seaen eee 820 
Shale, sandy, with salt water ...2--2 a | eee 865 
Sandstone _..-.- cee ee cae cane Bae, Soon ee ine er ene Doe Eee penacewenmmene 5 990 
Limestone (on eee. once een eee ean eee eee | ae 1,010 
BandstOne orcas ee ee weno Sonar ama etemen ee nee eee ae en ete es mae | eee 1,082 
Sandstone (approximate base of Des Moines in city well)_------_--..---... 10 1,065 
Limestone, b ja th ee eee One pele ee Te so Sa Shs el ee ke 12 1,103 
Quartzite, Ted eee ee se a er ren cet eaesene nen eeenes 8 1,115 
Limestone, magnesian oo... 2. W.-  a e eceeeeee 23 1,198 
Limestone; STAY on... no wen cc cena eas enna ne aneceneenesdeseaaerase 64 1,226 
Sandstone, white qets— a Se a ae ee eee eee 6 1,351 
Soapstone -..... EEE Si 3 A Ee v20 1,410 
sph ie (approximate “base ‘Of Mississippian i in City “well) — So ee re 1,460 
TAMOBCONG Wee eae ae os ca ces etter rm ee re er ee 20 1,509 
Tieton: STAY esa on cae nee rea ae on ceed dee Sop eee enti Selene ea eaer | eee 1,535 
Soapstone’ ee IR A eee ee ae ep 1,580 
Soapsto I a em a a wa ee ee ee a ee ee 2 1,600 
Limestone, ‘sandy - ee a a et 50 1,700 
ee 2 1,750 
sh hatroctorg 3 30 1,772 
USETVUGS TONG SAAB UT a ae ee eee ee oscecconcate 1,850 
Limestone, MVGAY CN ou LT BY jcc a cree es eas ae eee ee eee eee ESS aor 








Bottom Of! Well Sao en na cs ee eae re ele eee 


The first water bed was struck at 570 feet. The water was 
salty and stood at six feet below the curb. The capacity was 
about 30 gallons a minute. At a depth of 1,008 feet another 
water bed was found, whose water rose within 60 feet of the 
surface and yielded 75 gallons a minute. At a depth of 1,160 
feet the water rose to the surface and 70 gallons a minute were 
pumped. At a depth of 1,356 feet the water fell to six feet 
below the curb. ‘Water was also found at depths of 1,668 and 
1,836 feet and at'the latter depth stood five feet below the sur- 
face and was pumped at the rate of 70 gallons a minute. 


During the early part of the winter of 1897 a pump was placed 
in the well and operated by electric motors. These proving un- 
satisfactory, a Fairbanks-Morse steam pump was installed in 
1900, the cylinder being placed 500 feet below the curb. Break- 
age of the rods necessitated frequent repairs, and in August, 
1901, the working barrel worked loose and dropped to the bot- 
tom of the six-inch casing. On August 22, 1901, the cylinder 
was replaced at a depth of 100 feet, but 10 minutes pumping 
lowered the water below the foot valve. When the cylinder 
was placed 163 feet below the surface, pumping 20 strokes to 
the minute lowered the water below the foot valve in one hour; 
pumping at 13 strokes to the minute the pump delivered 40 
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gallons of water a minute. Early in September the cylinder 
was set at 228 feet below the surface; by running the pump at 
18 strokes a minute for 10 hours 54 gallons of water a minute 
were obtained, but at the end of this period the water stood be- 
low the foot valve. From this date until March, 1902, the well 
was used only to supply drinking water, the general supply 
being taken from Keg creek. In March and April, 1902, it was 
found that 54 gallons a minute could be obtained by operating 
the pump at 19 strokes a minute. On May 5, the cylinder having 
again worked loose, it was reset 266 feet below the surface. 
During the summer the pump delivered 45 to 50 gallons a min- 
ute, according to the conditions of the leathers and the length 
of time the pump was run. In February, 1903, a new and larger 
cylinder, 534 inches in diameter, with a discharge pipe six inches 
in diameter, was set 294 feet below the surface. At 18 strokes 
to the minute this cylinder gave 50 to 75 gallons of water a 
minute up to January, 1906, with the following interesting ex- 
ceptions: On June 13, 1905, the water began to fall noticeably. 
The leathers were found in fair condition. The failure con- 
tinued until on July 20 no water could be pumped. On August 
1 the yield was but five gallons a minute and the water con- 
tained a large amount of sediment. At the same time the city 
well of Glenwood was able to furnish but a small supply of 
water. After August 4, however, no sand or sediment was 
noted in the well, and running 10 hours a day the pump de- 
livered about 60 gallons a minute. In January, 1906, it was 
found that with a stroke of 18 a minute and running contin- 
uously for 24 hours a yield of 50 gallons was obtained. 

With the exception of a period of some six weeks in 1905, _ 
maximum pumping did not exhaust the supply, and the pump 
was run in 1906 for 24 hours a day. The needs of the institu- 
tion, however, had become much larger than the well could sup- 
ply. Furthermore, the well became infected with the germs of ty- 
phoid fever. Water taken directly from the discharge pipe was 
found by the State bacteriologists to contain the colon bacillus 
in large quantities and to have been contaminated by surface 
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drainage, evidently through corroded or otherwise leaky casings. 
The location of the well is favorable for such contamination. 
It was decided to sink an additional well to the water bed at 
about 1,000 feet to obtain a larger supply and to shut out the 
surface water finding access to well No. 1 by recasing it to 120 
feet. The second well was carried to a depth of 975 feet and 
was then abandoned. It had a diameter of 15 to 6 inches; 
casing, 15-inch to 124 feet, 12-inch to 557 feet, 10-inch to 769 
feet, 8-inch to 860 feet, and 6-inch to bottom. The curb was 
1,060 feet above sea level. The log follows: — 
Driller’s log of well No. 2 of the Institution for Feeble-minded Children at 


































Glenwood. 
| Thickness.| Depth. 
Feet Feet 
Olpy, yellowish 222... Ube ee aes See) Oe eee 10 12 
Olay; reddish, very hard and dry 22. ee ee eee 13 25 
Olay, yellowish as from 212 22... = oe alee) oy eee ee 20 45 
Olay, dark yellow; moist: easy to dig oS eee eee 50 , 95 
Gravel, and fine white sand, water ee ar eon k eee 5 100 
Limestone, white; under which was 2 inches of “yellow “clay 8 eS ak 101 
Shale, DINe-DIACK | csaeineuce doc oun ibe ee ee ee eee 29 130 
Limestone,rwhite, .very’ Hard s.-Us.2i 2a eee deee eae eee eee 2 132 
Shale, “black 2. =. 2... ¢ 2. eee eee eee 5 137 
Limestone; | blue; shafd |... 222 aS ee ee eee 10 147 
Shale,! black (2222.2. 2.2 =)... 3 ee eee eee 5 152 
Limestone: 22). 32 ei te aaa See 23 175 
Shale? bide ee ee ee ee ee 20 195 
Limestone; white (2228 fou se eee 20 215 
Olay? ‘shale; ‘red (22 23th) eee eee eee 15 230 
Shale, white slate i222 ose ee ee ee eee 35 ~ 265 
Limestone, hard gray Sees Fe eee eee 30 295 
Limestone; ' hard 922.2. ee eS eae 15 810 
Shale’ blu@ Suse Eee ee eR ek Eee SL See ee a ee eee eee 10 320 
Limestone,” very: hard (222322 ee SS Se ee eee 25 345 
Grayel. and shale 222. 225 Se ee ee eee ee 10 355 
‘Limestone,’ soft) <ss02 2: ee eee 5 360 
Shale; red. (s 002 ae Se eee i ee eee 25 885 
Limestone; white so. ii eae ae eS ee eee eee 25 410 
Shale;  bhie \i.i2 2.2 SS ee Ss ee en ee ee 10 420 
Limestone, Wards 2s 5 eee ee oe Senos See eee eee 10 430 
Shale. and. lime ‘sie a ee ee ee eee 5 435 
Shale: blue Llc foe Fee eee Ree ee ee ee ee See eee 5 440 
Slate’ and }]imece eso 22 ek ae ee ee ee ee ce eee 25 465 
Slate, - blue) bos 248 os aes ee Aas oe PS 10 475 
Limestone |. 2c a ee IIE 40 515 
Tdmey and ‘shale so22 ee ee ee ee 10 625 
Slated and shale ho. ee ee ee ee eee ee es eee 35 560 
Limestone; blue. 5.0 eS eee eee 5 565 
Shaler reF etl bes 8 ee ees = 2a ee ee ee ee a eee 15 580 
Shale,* blue--.--.— Ye i apa Re Ee aS See er Sepa 380 610 
Coarse. said pand) Hmestone 22. 2. oo ee ee ee eee 10 620 
Slate,’ black»! white; ‘and red. 23.22 ee eee 15 635 
Shale. 2 22s eS ee ee ee eee 2S, 35 670 
Limestons, sort 0 2 es Oe ee ee eee ee 5 675 
Sandstone: salt water rising to 175 feet below Curb S ee ee ee 30 710 
Shale, [it ROME RE LA MEN TSG RW SOLEMN NEGRI Wor StL Es ST Pg Te Sa Eee cee 30 740 
Slate, black” 222232 SS a ec ee ee ee ee ee 10 750 
Shale, blue): and sand! 2250.03 2. es ees eee 30 780 
Shale,, black” £92 2en 22s ee an oa oe Se eee ee ee 60 840 
Shale, blue, and slate 20 860 
Shale’ and limestone) =~ ~~ on eee 30 890 
Shale? ccs coe: eee ee ee eee 20 910 | 
Shale, dark, and 1 foot of limestone 25. | aes 
Olay, red, ,and some limestone 2.25 Ss es eee 15 950 
Sand) © 2-22 sacses se ea oe eee eee wie St prc edee ower antennae none oe eee 5 955 
Shale, (Gark! bite ooo ee eee ec 20 975 
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Because of the failure to obtain a sufficient amount of water 
in well No. 2 to supplement that of the first well, the second 
was also abandoned and a supply found in shallow wells on the 
Missouri river flood plain about 21% miles from the institution. 

Though no pumping tests seems to have been made of the 


capacity of well No. 2, there is little or no doubt that sufficient 
water was not obtained. The drilling was stopped at 85 feet 
above sea level, and the water beds of the sandstone at the base 
of the Pennsylvanian were not reached in well No. 1 until the 
drill had gone 28 feet below sea level. Had the well been drilled 
113 feet deeper probably 75 gallons a minute would have been ob- 
tained from this sandstone. 

Water for the institution is now obtained from a system of 
eight 6-inch driven wells in the Missouri valley about one. mile 
east of Pacific Junction. The eight are spaced about 26 feet 
apart, and end with 8-foot screens in alluvial sand, at a depth 
of 32 feet. The casings are all connected at the top, and the 
water, which normally stands about 714 feet below the surface 
is drawn by two duplex suction pumps 4 feet below the surface. 
The pumps are usually operated at the rate of 450 gallons a 
minute without producing any noticeable effect upon the supply. 
The water is only moderately hard but contains an undesirable 
amount of dissolved iron that is successfully removed by 
aeration. 

Hastings.—The Chicago, Burlington & Quincy Railroad well 
at Hastings (population, 393) is 24 feet deep and apparently 
ends in the alluvium of the valley. It is said to yield about 
32,000 gallons in eight hours. 

Malvern.—The public supply of Malvern, (population, 1,154) 
is drawn from 14 driven wells located in the valley only slightly 
above the level of Silver creek. Some of the wells are three 
inches and others four inches in diameter. They pass through 
about 24 feet of soil and clay and end with 314-foot screens in 
a bed of sand, reported to be fine-grained and between 2 and 
13 feet in thickness. It seems that the yield, which was origin- 
ally not great, has decreased gradually by the incrusting of the 
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screens until the entire system will not yield over 100 gallons 
a minute when pumped continuously. A-.dug well which was 
22 feet deep and ended at the top of the sand stratum, was 
originally used but was abandoned for the present system be- 
cause of its meager yield. It is also reported that the Chicago, 
Burlington & Quincy Railroad at one time drilled to a depth of 
about 300 feet without success. 

The waterworks consist of an elevated tank and approxi- 
mately four miles of mains, with 18 fire hydrants and about 65 
taps. The average daily consumption is reported to be 9,000 
gallons. 

Pacific Junction—The Chicago, Burlington & Quincy Rail- 
road has a pumping station in the valley between Pacific Junc- 
tion and the asylum wells. The water is drawn by suction from 
six four-inch driven wells 35 feet deep. The pump usually lifts 
about 200 gallons a minute, which amount the wells are reported 
to yield except during very low water in the summer. 


MONTGOMERY COUNTY. 
BY HOWARD E. SIMPSON. 


TOPOGRAPHY. 


Montgomery county lies near the extreme southwest corner 
of Iowa. Its surface is an old drift plain carved into broad 
parallel ridges and valleys by the streams that flow across it 
in a direction slightly west of south, toward the Missouri. The 
broad, flat bottoms of the valleys and the mature dissection of 
the ridges indicate that a long time has elapsed since the whole 
was a broad level plain sloping in the direction now followed 
by the master streams. These streams, Walnut, Hast Nishna- 
botna, Tarkio, and West Nodaway rivers, and their tributaries 
thoroughly drain the county, so that it contains no standing sur- 
face water. | 
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The drift thickly covers the entire county except some areas 
in the large valleys whose bottoms are filled with sand and 
gravel and silt and on whose sides it has been here and there 
eroded away, exposing the bedrock beneath. That this till is 
very old may be inferred from the facts that it is deeply leached, 
that many of its igneous bowlders are entirely disintegrated by 
weathering, and above all that its surface is maturely dissécted. 
Well records do not indicate its division into Kansan and Neb- 
raskan, as they do in counties north and east; whether the drift 
is Kansan or Nebraskan has not been positively determined. 
The uplands are mantled with fine grayish yellow loess that is 
characteristic of the Missouri valley region. 


GEOLOGY. 


The bedrock immediately below the drift on the uplands and 
ridges is the soft, porous Dakota sandstone (Cretaceous). This 
is wanting in all the river valleys, the pre-glacial streams which 
occupied these having cut deeply into the shales and limestones 
of the Missouri stage (Pennsylvanian), which lies just beneath. 
The result is that sandstone under the uplands alternates with 
shale and limestone under the valleys in parallel belts running 
almost north and south across the county. This fact, together 
with the presence of heavy alluvial deposits over the shale and 
limestone, is of prime importance in a consideration of under- 
ground water in this county. The strata of the county dip 
slightly west of south. 

UNDERGROUND WATER. 


. 


SOURCES. 


The most clearly defined water-bearing beds are the alluvial 
sands beneath the valleys and the Dakota sandstone beneath the 
uplands. Together these afford an abundant supply of good 
water for most of the county. Besides these the entire county 
is underlain by the drift and limestone horizons. Only on up- 
land slopes that are not underlain by sandstone nor overlain 
by alluvium and in places where, owing to deep dissection, the 
drift is well drained, is there lack of good underground water . 
in Montgomery county. 
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Most important of all aquifers are the deep beds of sands 
underlying the till of both the first and the second bottoms of 

each of the several rivers. These afford an inexhaustible supply 
of water at depths of 20 to 100 feet over belts ranging in width 
from a few hundred yards to 2% miles and extending across 
the county from north to south. The water is medium hard and 
locally carries sufficient iron compounds in solution to form a 
red precipitate on standing, yet it is on the whole very whole- 
some where not contaminated by organic matter as in towns 
and cities. 

Water is generally obtained from this bed by means of driven 
wells sunk at very slight cost. Ordinarily there is sufficient clay 
above the sands to seal out immediate surface waters and pre- 
vent contamination. In the cities and towns, however, a large 
amount of sewage enters through the cesspools dug into or 
through the surface soil and clay and through open wells which 
mingle surface waters and the sand waters. Pollution may be 
easily determined by analysis, and where found all private shal- 
low wells should be closed and the public supply taken from 
some point above the city and free from contamination. 

Over the uplands many shallow wells obtain a supply for 
domestic use or for small farms from the waters that gradually 
seep through the porous surface clay, the loess. The lower por- 

tion of the loess generally consists of fine sands, and these are 

the more common sources of supply for wells 10 to 20 feet deep. 
Loess wells are usually of the dug type and are unsatisfactory, 
as their supply greatly diminishes or fails entirely in dry sea- 
Sons. : 

In recent years bored wells drawing on the sands and gravels 
‘at or near the base of the drift are replacing the shallower wells. 
‘These wells range in depth from 30 to 75 feet and obtain a larger 
and: purer supply. A few wells obtain a supply from local 
lenses of sand or gravel in the bowlder clay. 

Where found beneath the uplands the soft brown sandstone 
‘immediately under the drift is a most excellent aquifer, the 
purest and best. It ranges from a few feet to a hundred feet in 
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thickness and is found at depths ranging up to 150 feet. Only 
on the margins of the uplands is it inadequate. When this 
water is obtained care should be taken to case out all others. 

The limestone of the Missouri stage is everywhere present 
under the sandstone or directly under the drift and affords a 
very scanty supply of hard water. This should be sought only 
when higher beds fail or are contaminated. Failure to procure 
ample supply from higher sources will rarely occur except on 
the lower upland slopes and uplands in the western edge of the 
county—that is, where the drift is deeply eroded and well 
drained and is neither overlain by alluvium nor underlain by 
sandstone. In such places it will probably be necessary to utilize 
waters from all sources by casing to limestone and by punctur- 
ing the casing opposite each horizon. 


PROVINCES. 


Montgomery county comprises several underground-water 
provinces. The first, or valley bottoms, consists of the first bot- 
toms, the part now flooded in times of high water, or the flood 
plain; and the second bottoms, the terraces of the old valley 
‘floor, now above all ordinary floods and occupied by splendid 
farms and in many places by towns and villages. The second 
bottoms vary in width from a few hundred yards to two or three. 
miles. On them the entire supply of water comes from driven, 
dug, or bored wells, which draw water from the alluvium. In 
the deeper portions, where silt is underlain by heavy beds of 
sand, driven wells are chiefly used, and such wells should be. 
used wherever possible, as they prevent the mingling of surface 
waters with the supply used. In cities and towns on the bot- 
toms care should be taken to determine by frequent analysis 
whether such wells are contaminated, and if contaminated, the 
private wells should be closed and free public water pro- 
vided from a location above the town or from some source too 
deep for contamination. 

The higher uplands underlain by sandstone constitute the- 
second province. These are not all continuous or even con- 
nected, but this sandstone is one of the best aquifers in the state. 
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Most wells in this region are shallow and obtain water from the 
drift, but where a large, pure, and permanent supply is desired 
the sandstone is sought. 

The third province, that of the limestone, occupies the higher 
lowlands and the lower uplands of the western edge of the coun- 
ty and lies in general on the slopes between the other two. 
Though the limestone is everywhere present, it is sought only 
where the alluvial and sandstone aquifers are wanting and 
where the drift is so broken and dissected as to be thoroughly 
drained. The limestone is a last resort and the water is fre- 
quently so scanty as to require a careful combining of the 
waters of all beds to make the supply sufficient, when the quality - 
- may not be satisfactory. 

The shales of the Des Moines stage, lying underneath the 
Missouri stage, are very impervious and therefore dry in this 
part of the state. 


FLOWING WELLS. 


Several small flowing wells have been reported, the aquifers 
of which are the drift or the Dakota sandstone. The best is © 
that of A. Monson on very low ground in NE. % see. 19, T. 
72 N., R. 36 W. At a depth of 50 feet it obtains a fairly good 
flow from a conglomerate layer of the Dakota sandstone. An- 
other well, drawing its supply from drift sands, is on J. P. 
Maben’s farm near the center of sec. 21, T. 72 N., R. 36 W. 
Water flowed for a time from the tubular well on the farm of 
J. R. Jones (NE. 4 sec. 16, T. 73 N., R. 39 W.), but soon ceased. 
The source is unknown. A flow was also struck in the 35-foot 
test hole put down on the slope 15 feet south of the new city 
well at Red Oak. This comes from the Dakota sandstone. A flow 
was not obtained, however, in the larger well. Small flows may 
usually be found in Dakota sandstone on low slopes. These 
may be of value in a small way for stock wells, and may be 
classed as artificial springs. No important flows can be ex- 
pected from shallow wells. 
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SPRINGS. 


Where the deeper valleys cut through an excellent aquifer, 
such as the Dakota sandstone, and leave it exposed over the val- 
- ley sides, a number of excellent springs are found. Some are 
of the usual drift variety and are formed at outcropping edges 
of sand and gravel beds in the heads of ravines and on valley 
sides. The stronger, however, come from Dakota sandstone 
where it overlies the shales and limestones of the Missouri stage, 
and flow perennial streams of pure, cold water. The best known 
of this class are the ‘‘Sand Springs’’ just south of Red Oak 
(N. 1% sec. 33, T. 72 N., R. 38 W.). 


CITY AND VILLAGE SUPPLIES. 


Elliott.—All wells at Elliott (population, 528) are driven, 
the average depth being 30 feet. A good cover of soil and clay 
overlies the sand, which occurs at a depth of about 20 feet. The 
valley bottom in which such wells may be obtained is three- 
fifths mile wide. On the uplands beyond, wells are bored, dug, 
or drilled. Most common are the wells bored 60 to 80 feet to 
sand and gravel and lined with 12 to 18 inch sewer pipe. Others 
penetrate the sandstone. 

The public supply is obtained from a battery of twelve two- 
inch drive points connected in series by four-inch pipe to a 12- 
horsepower gasoline pump with a capacity of 200 gallons a 
minute. Mains 900 feet long connect the pump with five 
hydrants. The system is used only for fire protection, when a 
pressure of 20 pounds is obtained. 

_ Red Oak.—Drive points are the common wells on the lowland 
portion of Red Oak (population, 4,830), the usual depth being 
25 to 40 feet, though a few reach 60 feet. On the upland por- 
tion tubular wells are in very general use. The water heads 
10 to 12 feet below the surface; in wet weather four feet below. 
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A section is as follows: 
Section of well at Red Oak. 
Depth in Feet. 


Soi] .25. eek ae dase se 2 eee see eee so eee a aeee ae seen e ene 1-6 
Gumbo) =-<52- See ee en os Se a ee oe en eee eee 6-10 
Clay, .yellowises. 3 cneh cn 2 eee pce soe eee eee ee 10-20 
Sand, ferruginous (first Water) 22012505 ose eee 20-25 
Cay eae ek oie mc se re a 

Gravel (second “water), =-22222222522 29-4232 oe een en eee sean ae eee 40-50 


Villisca—Driven wells on lowlands all about Villisca (popu- 
ation, 2,039) find sheet water in sand at 15 to 35 feet. On the 
higher land wells 35 feet deep in alluvium or drift obtain an 
abundance of water. Few deep wells are reported. Sheet 


water in sand would probably not be found in Jackson township 


except in the western tier of sections. 

The public supply is obtained from a spring well at the bot- 
tom of the slope between the town and the river. This well is a 
large, square hole 20 feet deep walled with rock, pointed up 
with mortar, and roofed over. From this a tile extends into 
the source of a spring which is evidently in the drift of the hill. 
The water is pumped into a tank by a triplex electric engine 
having a capacity of 100,000 gallons a day. A steam pump of 
equal capacity is held in reserve in such a way as to give grav- 
ity pressure of 55 pounds on the main business streets and 68 
pounds at the plant. In case of fire 125 pounds direct pressure 
by electric and steam pumps may be obtained. Mains 234 miles 
long connect with 22 fire hydrants and about 120 taps, supply- 
ing one-tenth of the people. 

A small tank is maintained for the city electric light pump- 
ing plant and for street-sprinkling. It draws its supply from 


the river, since the city water scales boilers badly ae is low 


in dry seasons. 


In emergency the tank supply may be cut off and after ‘the - 


well is drained the river may be drawn upon for unlimited sup- 


ply. This has, however, been found necessary but once or twice | 


in the history of the plant. 

The water is so unfit for domestic use and unsatisfactory 
for boiler purposes and the supply furnished in dry seasons is 
so scant that a new system is contemplated. 
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WELL DATA. 


The following table gives data of typical wells in Mont- 
gomery county: 
Typical wells of Montgomery County. 





























: be | 
} = 
ci 2S o emarks: 
Owner Location P z 32 aps (Logs given in feet) 
2 | 8 Be je) ae 
rig ag’ Ra iy? 
T. 73.N., R. 36 W. 
(Douglas). 
: Feet | Feet Feet 
R. W. Corbin-----|/SE. 4 sec. 8 _-_--. 220 | 50 |Coal (Misouri)| 160 
W. Gardner ----..|NE, 34 sec. 17__._| 210 149 |Limestone 150 | Hard water. 
(Missouri). 
T. 73N., R. 37 W. 
- (Pilot Grove). 
Mrs. G. Halbert--|N. 4 sec. 11______ 180 | 100 eee (Da-| 160 |Fine water. 
ota). 
SOD Dicom acecean SV emer eeCCUMOG see luna/S ie LOOM tees see eeeens ee No water; limestone well. 
T. 73 N., R. 88 W. 
(Sherman). 
J. W. Griffith._.-./1 mile northwest! 178 2 eee eee eet ee Do. 
of Stennett. 
D. L. Rush------..|NW. 4 sec. 27____| 270 COU |= See eel As Do. 
D. W. Brick_..--..|W. 4 sec. 7-...__.|_ 50 40 Sha (Dee ed Plenty of water. 
ota). 
J. E, Good-_-------| Nw, 4 see. 21.____| 161 |------ Sand and 81 |No rock. 
gravel 
T. 73 N., R. 39 W. 
(Lincoln). 
J. H. Arkin_-..-_- NE. 4 sec. 12____- 160 |------ ---- do -------- 140 Do. 
T. 72N., R. 39 W. 
(Garfield). 
Mrs. M.E.Tolman|sp. 3 sec. 26_____| 245 |------ Sandi-se-—- es 100 |Plenty of water. No rock. 
G. W. Buchanan-|NW. 4 sec. 35.___| 175 |------ een (Da-| 5 |Strong well; no rock. 
ota). 
T. 71 N., B.39 W. 
(West). 
T. G. Haag--.----|NW. 4 sec. 1.-__| 140'|---.|-. do --..| 115 |Strong well. 
J., Larsen --...... IN| Weer RC One OMe a el) da lene as |o sen 0) a eeene .-----]Plenty of water. 
J. E. Frank_-----|S. 4% see. 14______ 125 60 [= do ~ 2.) 25-2 Soft water. 
T. 71N., BR. 38° W. . ; } 
(Grant). 
S. Anderson -.---.|SW. 3 sec. 22.-__| 175 96) [s-22 dOhe sea eee 
T. 72N., R. 38 W. W 
(Red Oak). 
J. A. McLean.__..SE. % sec, 15.-_| 212 |__--__|____ COWS pees eat 
T. 72N., R. 36 W. 
(Washington). 
A. Monson ------- NE. 3 sec. 19____. th Ba es ee oto ee sees lls ed Flowing well. 
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PAGE COUNTY. 


BY O. E. MEINZER. 


- TOPOGRAPHY. 


Page county is crossed by several streams, all of which mean- 
der through wide, flat-bottomed valleys that are nearly paralle} 
and have a general southward or slightly southwestward trend. 
The two largest are Nodaway and Hast Nishnabotna rivers. - 
Between the valleys extend intricately dissected patio belts 
having a relief of about 200 feet. 


GEOLOGY. 


The entire county is underlain by the Missouri stage (Penn- 
sylvanian), which consists essentially of shale with numerous 
thin strata of limestone and a few coal seams. The total thick- 
ness of the series, as determined by deep drilling at Clarinda 
apparently is nearly 700 feet. (Pl. XVIII, p. 1100.) Below the 
Missouri is the Des Moines, another thick series belonging to 
the Pennsylvanian and consisting predominantly of shale, but 
differing from the Missouri chiefly in containing less limestone 
and more sandstone. 

The upper surface of the Missouri stage lies for the most 
part below the valley level and is encumbered with a heavy de- 
posit of glacial detritus, out of which the valleys have been 
excavated, and the hill topography of the interstream belts, with 
their 200 feet of relief, more or less, has been carved. At a 
number of places a thin layer of sandstone has been found be- 
tween the glacial drift and the shale or limestone of the Miss- 
ouri stage, and this is considered by Professor Calvin as prob- 
ably Cretaceous.’ 

The upper surface of the drift is thoroughly weathered and 
is widely overspread with a few feet of loess. The broad val- 
>. wggivin, Samuel, Geology of Page County: Iowa Geol. Survey, vol. 11, 1901, 


' 
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leys are filled with alluvium, in-some localities to depths of more 
than 50 feet. The alluvium, especially near the top, consists 
chiefly of fine-grained loesslike sediments, but it also includes 
beds of sand and gravel. 


UNDERGROUND WATER. 


SOURCES. 


The alluvial deposits are the most reliable source of water in 
Page county. ‘They are very important, not only because they 
occur over a considerable part of the county, but also because 
they are available to the principal cities and villages. They 
furnish the public supplies at Clarinda, Shenandoah, and Essex, 
the locomotive supplies for both the Wabash and the Chicago, 
Burlington & Quincy Railroad companies, the hospital supplies 
at Clarinda, the industrial and domestic supplies in essentially 
all the valley towns, and the domestic and stock supplies on a 
large number of farms. 

The bulk of the alluvium consists of clay and silt that will not 
yield water, and much of the rest consists of fine sand that gives 
up its water slowly, but fortunately there also exist, commonly 
at considerable depths, beds of gravel, through which the water 
percolates more freely. A large number of the private wells 
end in sand and provide only scanty supplies, but where the 
demands are greater, as for public and industrial uses, the 
gravel beds are utilized, although even these are sharply limited 
in their yield. It needs to be said, however, that the small 
capacity of both private and public wells is, to a certain extent, 
due to the chronic clogging of the screens by fine sediment and 
by precipitates from the water. 


‘For domestic and stock purposes, driven wells are largely 
employed. A pit is commonly dug nearly to the water level and 
the pump cylinder is placed at the bottom, where it will be pro- 
tected from frost. Many pits are sunk some depth below the 
water level, so that. the water rising in the driven wells over- 
flows into the pit, from which it is pumped. The manifest ad- 
vantage of such an arrangement is that a reserve of water ac- 
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cumulates during the intervals that it is not drawn upon, and 
hence water can at times be pumped more rapidly than the rate 
at which the well will yield. A serious disadvantage of such 
an arrangement, or of any that establishes communication be- 
tween the well and pit, is that the water is always in danger 
of contamination, especially in the settlements, where cesspools 
and privies are in common use. 

In the upland areas, between the streams, the ground-water 
conditions are more precarious. The drift contains beds of 
sand and gravel, but if these lie above the valley level then they 
have been drained of their water wherever they are widely 
distributed and are freely porous. If the drill or auger pene- 
trates to the valley level it may perhaps discover a stratum of 
drift sand or of Cretaceous sandstone filled with water, but 
it is more likely to encounter the shale and limestone of 
the Missouri stage, which is an unpromising source of water, 
as to both quantity and quality. The imperfectly porous parts 
of the drift, such as are commonly found in the uncompacted 
upper portion, do not readily lose their water by leakage into 
the valleys, and hence it is that in spite of their meager 
yield they are relied upon for supplies on most of the upland 
farms. Many of the shallow wells in the hilly areas are in 
large ravines, where the prospects of procuring sufficient seep- 
age are better than on valley sides or hilltops. 


SPRINGS. 


The leakage from the sandy and gravelly seams in the drift 
produces numerous springs, some of which are found in the 
smaller draws well toward the tops of the divides. The water 
from the drift, especially from its upper part, is, like that from 
the alluvium, of good quality except that it is hard. 


CITY AND VILLAGE SUPPLIES. 


Clarinda.—The public supply at Clarinda (population, 2,832). 
is drawn from five six-inch wells, all of which are situated in 
the valley and end with screens in a nine-foot bed of gravel that 
lies below about 50 to 60 feet of clay and sand and rests upon 
shale. The water is hard but otherwise good. It rises within 


UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT 1157 


about 20 to,30 feet of the surface, and the wells will furnish 
an average of about 50 gallons a minute each. It is reported 
that either of the two wells at the Lee electric light plant, sit- 
uated 75 feet apart, will yield 100,000 gallons in 24 hours, but 
that together they will yield only 130,000 gallons. The aquifer 
seems to be entirely reliable and not to be affected by dry sea- 
sons, but the welis deteriorate rapidly and must be renewed 
every few years. A system of small driven wells, previously 
used. for the public supply, was not satisfactory. 

The water is pumped by the Electric Light Company into a 
standpipe, from which it is carried to the consumers by gravity. 
About 175,000 gallons are used daily. 

At the State Hospital for the Insane three six-inch wells start 
from slightly higher ground than the city wells and go to a 
depth of 77 feet, evidently ending in the same bed of gravel be- 
low alluvial clay and sand above Carboniferous shale. The 
gravel is here said to be a little over seven feet thick. The 
three wells are reported to have a maximum capacity of 106,000 
gallons, 96,000 gallons, and over 100,000 gallons, respectively, in 
24 hours. The average daily consumption is about 110,000 gal- 
lons. The water is considered excellent for drinking and for 
general domestic use and serves very well for boilers, though 
it is somewhat hard. 

A boring at Clarinda was carried to a depth of 1,002 feet in 
search of coal. Water flowed from the boring for a short time 
during the progress of the work. The driller’s log, which 
seems to have been carefully kept, contains 40 entries, includ- 
ing records of shale of various kinds, limestone, marl, and coal. 
The drill seems to have passed from the Missouri stage into 
the Des Moines at about 700 feet, but apparently did not reach 
the Mississippian. 

An accurate and detailed log (109 entries) of a diamond drill 
hole at Clarinda, 840 feet deep, is published by the Iowa Geo- 
logical Survey." From this log and an inspection of the core, 
Leonard places the base of the Missouri stage at about 715 
feet. 


1Iowa Geol. Survey, vol. 12, pp. 29-31. 
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The driller’s log first mentioned is given below: 


Drillers log of coal prospect at Clarinda. 











| Thickness.| Depth. 











Feet Feet 
Olay Vand ‘ete vel ia ee oe es ee eee 
Shale swith thintstreakssof Tock 2 ee eee eee 
Shalo, brittle 22 sss eo ee en ee ee eneeene 
Marl, ) Didekk ee ee ee ee ee a ee ee 


S8Ss 


Shale; black 7 ee 8 a aa Se eee eee 145 
Shale, . blue hoor a a oa ce ree rn eee ee eee 150 
Limestone Waconia nn eee re ee 155 
Shale; light (eee 170 
Limestone, very shard: 22.2... We eee ee eS eee a eee 195 
hale We a a ee et eee 21 


Soapstone, changing fo shale |... de eek ee ee ee ee ie 
LiM@StONG Bisse coca nace ko ee ee ee ee eee 


Marl, red (seen eS ee ee ee eee 
Soapstone, “impure, red: ....-.. pe a ad os 2 or ee 


Shale, (blue maeeesee a Se ee ee eee ee eee 
LAMCSTONG eee cata ae oan cose weaker ee ee eee eee eee ee eee 
Shisle ia re a ern Scene eee ee ee ee eee 
BhAl€ one ceen er twenatemenaw acc ea sense a eee ee eee eee 


Stone, dark GOING Gos san ceca a ee ee ee Oe 
Shale. 2i-2 sce ee ee a ee ee eee 
Ooal; pimpure o-20 eee 


BLSMOBTONG Fe mews cee ee ae eer enc ee oe ie ee ee ee eee 


Shale (oes or oan nn a cer rae ene een on eee eeemeneoe 


SAO Pasa monc ot es Soe ee i semen coca eee ene ne eee eee 


Shale and ‘coal 22 ee eee eee 


ale: 2 ee Ne eee eee 
POTS 0 pc sc re ae orc i ras eg ee ipa ee ee 820 
0 i a a a a pt ee ok Se Se ee 825 
Limestone oon ee eee ae or on an es wees enone mas eteenn seen 830 
Shale, black and .bluejs—-- = ee eee 850 
Slate and shale 2250S a Seer aah oa cc coe bee beneneeeees poet 885 
Slate; RIB! oneness pe as ae anne meaionns onan aaecaaanannpeesaaaabeenee eee 890 


Shales white (ca oe ee oe cece enema ea ee ene pee eee 


Shale; blue and black) <n mnecnnencetenea eee eee 
Soapstone , ----1- 2 nn ee we pe we rene a eca cen ceewceerosesecccesacemese 


eBebankSanStotan tt oSessS Sen SSOS8tnakasee 
SSSPSSIBSSSSSSSESRSE 








Coim.—The Charles Schick well at Coin (population, 591), a 
prospect hole for gas and coal, has a depth of 888 feet, casing 
from 800 feet to bottom. Salty water is said to flow from well. 
Below a depth of 62 feet the rocks penetrated probably belong 
to the Pennsylvanian series. 


- 
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Driller’s log of Charles Schick well at Coin. 

















Thickness.| Depth. 
Feet Feet 
lye Contalninge WOO ay Obie ee a ee a ee nce aes Dy. 5 45 
See FES SEL. Ree 8 see ee ag OO es ao lee ae ee ee eee 62 
Eticelcos: VOry and he ee ce eke eee 2 64 
Limestone’ and ee meee alternating: every 2'to 4 feet: 2. | de hehe a LAE 
Maving’ rock: and! Water ys Gtpes esse te wae ee ae ne nonce can sea las Satan eee ' 190 
Shale jana coal Bloteony pete ee eb eel a as ee) DE a Ee Pee 12 217 
VAL tt) eae ie en Aaa Ae ee ee eee ee 8 225 
rt yt Se SPIE 2 227 
Shale ‘and limestone, “alternating every RPy ir es ee 158 380 
pnale> Diack, tarry, ccote snes es eet newer eee new eess cl enewoees ace na sec cn cacescceese 4 384 
Shale, ete Mea! SItETHATIONS Hiss Se sae ere a cee eee mae 456 840 
Coal and s ee eee 9 849 
Stopped drilling to case well on account of caving; casing broken and “tools 
: POS UR A CUMS of tee Capel ye ls fg eee GR ee Te ee ee ee od ee 888 








Essex.—The public supply at Essex (population, 776), as at 
Clarinda and Shenandoah, is drawn from alluvial gravel. A 
six-inch well passes through 40 feet of clay and sand and ends 
with a six-foot strainer in a bed of gravel from which the water 
rises to a level 12 feet below the surface. According to esti- 
mates made the maximum yield does not greatly exceed 20 gal- 
lons a minute. The water is reported somewhat hard but other- 
wise good. It is stored in two compression tanks, from which 
it is delivered by air pressure through over a mile of mains to 
12 fire hydrants and 41 taps. It is used by perhaps one-fifth 
of the people, who consume approximately 4,000 gallons daily. 

Shenandoah.—The city waterworks at Shenandoah (popula- 
tion, 4,976) are supplied from one 10-inch and six six-inch wells, 
which pass through about 45 feet of alluvial clay and sand and 
end with screens in a bed of gravel. The water level fluctuates 
somewhat but is commonly about ‘16 feet below the surface, 
The casings of the seven wells are connected with a pump placed 
in a pit approximately at water level, and this pump draws by 
suction from all the wells simultaneously at the rate of about 
200 gallons a minute, which approaches the maximum capacity 
of the system. It is probable that this small yield is largely 
due to the deterioration of the six-inch wells, which have been 
in service for a period of years. Before the wells at present 
in use were put down, a series of small driven wells was used. 

The water is pumped into a standpipe from which it is dis- 
tributed through 9 or 10 miles of mains to a large number 
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of fire hydrants and taps. It is extensively utilized for domestic 
purposes and is also used in the locomotives on the Wabash 
Railroad. The total daily consumption is about 125,000 gallons. 

The well of M. W. Smith in the NW. 4 sec. 21, T. 69 N., R. 
39 W., is 710 feet deep and four to two inches in diameter. It 
is cased to rock. The curb is 1,024 feet above sea level and the 
head is above the curb. The flow is now 1,000 gallons a day, 
but was greater, the yield having diminished. The water is 
salty and is used for stock. The well was completed in 1887. 


POTTAWATTAMIE COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY. 


Most of Pottawattamie county consists of an upland carved 
by stream erosion into innumerable steep hills and ravines, but 
Missouri river, which forms the west boundary of the county, 
and Nishnabotna river and other affluent streams, which cross 
the county in a southwest direction, occupy wide valleys 
whose broad, flat, monotonous bottoms are in striking contrast 
to the rugged topography of the uplands. 


GEOLOGY. 


The region is underlain by Pennsylvanian strata, consisting 
chiefly of shales and limestones that outcrop at several locali- 
ties but are commonly buried under 100 to 200 feet of uncon- 
solidated materials of Pleistocene and more recent age. Ata 
few points in the eastern part of the county a Cretaceous forma- 
tion, mainly sandstone, has been found in exposures and wells’ 
between the Pennsylvanian and Pleistocene series. On the up- 
lands the Pleistocene consists in downward succession of loess, 
TRO clay somewhat resembling loess, Kansan drift, Aftonian 


1Wdden, J, A., Geology of Hortawaitamie County: Ann. Rept. Iowa Geol. Sur- 
vey, vol. “in 1901, p. 233 et seq 
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gravels, and Nebraskan drift. The numerous wide valleys all 
contain thick deposits of alluvium. 

The deep geology of the western part of the county, near 
Council Bluffs and Omaha, Nebraska, has been almost entirely 
unknown. A very few samples of the drillings of the deep well 
of the Willow Springs distillery at Omaha, examined by Norton 
’ in 1896, showed that a magnesian limestone series begins about 
1,055 feet from the surface, or about sea level, and continues 
thence to the bottom of the boring at a depth of 1,780 feet, inter- 
rupted, so far as shown by the samples, only by a thin shale at 
1,250 feet and a white sandstone at 1,430 feet. The logs of 
several wells at Council Bluffs and Omaha are on record but 
are vague and contradictory. The great depth of the Pennsyl- 
vanian in southwestern Iowa has led to a belief that at Council 
Bluffs, as at places farther to the east and south, the Coal 
Measures might well extend down to sea level. 

The drillings at Miller Park, Omaha, and at Fort Crook (see 
pp. 1172-1176) agree in testifying that at about 550 feet above 
sea level there begins a series of limestones and cherts, 500 feet 
thick, containing in many places milk-white translucent chalce- 
dony. In view of its nature and its thickness this series can 
hardly be attributed to any higher terrane than the Mississip- 
pian. At least this hypothesis seems preferable to the hypoth- 
esis that the Des Moines stage changes from clay shales to lime- 
stones of Mississippian facies on nearing Missouri river at this 
latitude. 

Apparently, then, there is in this area a rather sharp upwarp 
that brings the Mississippian floor of the Coal Measures 650 
feet higher at Omaha than at Glenwood, 18 miles to the south- 
east, so that they have a dip of 36 feet to the mile. The south- 
ward dip is corroborated by the testimony of well drillers, who 
report a much greater dip. 

The heavy shales of the Kinderhook stage, which are regarded 
as the base of the Mississippian at Glenwood, are absent at 
Omaha and Council Bluffs, so that it is difficult to draw any 
line of separation between the Mississippian and the Devonian, 
and it is quite possible that more or less of the limestones as- 
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signed to the former really belong to the latter. The thickness 
of the Mississippian is not excessive, for at Glenwood it meas- 
ures somewhat more than 400 feet. At Logan, also, farther 
north, where it should be thinner, the Mississippian extends 
from at least 478 feet above sea level to 212 feet above sea level, 
giving a minimum thickness of 266 feet. The Mississippian at 
Logan, however, may begin 150 foet higher up, there being a 
gap in the record; moreover, its lower limit does not seem to 
have been eraned. 

At about 50 feet above sea level at Fort Crook a series of 
dolomitic limestones begins. At 70 feet above sea level at 
Miller Park, Omaha, dolomites are first encountered, although 
limestones, more or less magnesian, are found 100 feet higher. 
These magnesian limestones and dolomites are the uppermost 
beds of a thick series of rocks that are widely spread over 
western Iowa and eastern Nebraska. They probably represent 
different formations, but in the absence of fossils any identifi- 
cation or even demarcation seems.impossible. In exception, it 
may be noted that a thick body of magnesian limestone and 
dolomite occurring at Glenwood and at Bedford well up toward 
the summit of the series may be referred with some con- 
fidence to the Salina (?) formation of the Silurian, on account 
of its content of gypsum and anhydrite. In the Council Bluffs 
section these minerals are absent, and the upper beds may be 
assigned to the Silurian solely on account of their place in the 
series. 

At Fort Crook the magnesian series is interrupted by lime- 
stones of slight magnesian content from 1,070 to 1,125 feet. At 
1,220 feet (150 feet below sea level) occurs a hard, bright green 
shale interbedded with dolomite, the whole being 30 feet thick. 
All limestones below this shale are thoroughly dolomitized. At 
1,340 feet (270 feet below sea level) they are slightly arenace- 
ous. At the Willow Springs distillery, Omaha, a white sand- 
stone occurs about 400 feet below this. At Miller Park, Omaha, 
a red arenaceous shale with thin layers of sandstone intervenes 
at 75 feet below sea level. This may represent the hard green 
shale found in the Fort Crook well at 150 feet below sea level. 


UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT 1163 


The formation to which the dolomites below the green and 
red shales belong is quite uncertain. In facies they resemble 
the dolomites of the Prairie du Chien stage except in their gen- 
eraly non-arenaceous nature. But the Silurian dolomites at 
Bedford are of great thickness. The drill was still in them at 
2,400 feet, which would give them a minimum thickness of 575 
feet. There seem, therefore, to be no data by which the lower 
limit of the Silurian dolomites at Council Bluffs can be drawn. 

It would not be inconsistent with some of the data to refer 
the bright green and the red sandy shales found from 75 to 150 
feet below sea level to the base of the Platteville. This would 
imply an upwarp of the lower Paleozoic in the Council Bluffs 
area of far greater steepness than any known in the state. It 
would correspond with the already inferred upwarp of the Mis- 
sissippian floor of the Coal Measures, but it would be consider- 
ably steeper, lifting the Saint Peter about 1,000 feet higher 
than the general stratigraphy would indicate. At Lincoln, Ne- 
braska, where the Saint Peter is fairly well identified in the 
State well, it occurs nearly 900 feet below the summit of the 
magnesian limestones, and if the green shale at Fort Crook at 
150 feet below sea level marks the top of the Saint Peter, it 
occurs at but 100 feet (or at most at but 200 feet) below the 
same datum, although the Mississippian has thinned out to the 
west from Omaha to Lincoln. For this reason it would seem 
somewhat more. probable that the Saint Peter lies below the 
lowest terranes pierced by the Omaha wells. 


UNDERGROUND WATER. 
SOURCES. 


Water is found in (1) the alluvium; (2) the loess, drift, and 
associated deposits; (3) the Cretaceous deposits, and (4) the 
lower formations. 

In the lowland tracts water can be secured from alluvial sand 
or gravel in sufficient quantities for all ordinary purposes. 
When not polluted this water is of good quality, though it con- 
tains rather large amounts of calcium and magnesium. Driven 
wells are in common use and the water rises nearly or quite to 
the surface. 
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Two 12-inch wells drilled in the Missouri valley at Council 
Bluffs for the Chicago & North Western Railway have the fol- 
lowing section : 


Section of Chicago and North Western Railway wells at Council Bluffs. 





























| Thickness.| Depth. 

‘ ; Feet Feet 
Olay... 80ft;: yellow tesscet seas aco none bree le eg ere ee eee eee ene 24 24 
Mid, (sotts). gray jeer sare ok ee See eee ee ees Ae ee 20 44 
Sand, soft, eras 071 010 (0 h(t pent eee ei ON aS eps eee) ees 20 64 
Sand, ere yr eee ee Se a 2 tk ee ee ae oe es yee Feee eee ee 16 80 
Sand>* Coarse; ;BNG PTAVEl <.~ oon nacho Gone nan eae oes ee ee ee 16 96 





These wells were finished with 10-inch screens in the basal 
sand and gravel from which the water rose within 10 feet of 
the surface, and was lowered 15 feet 4 inches by pumping 300 
gallons a minute for nine hours. 

The loess and the upper part of the bowlder alae are slightly 
porous and contribute a slow seepage to dug or bored wells 
sunk below the ground-water level. Beds of sand and gravel 
are numerous. The Aftonian gravel appears to be widely dis- 
tributed, and in some places attains considerable thickness. 
Along the cliffs north of Council Bluffs, where it is especially 
well developed, it gives rise to numerous good springs. Ac- 
cording to Andrew Graham, Park Commissioner, 31 springs in 
this vicinity, presumably all issuing from the Aftonian, together 
yield 1,250,000 gallons a day. Sand and gravel also occur in 
certain localities between the drift and the bedrock. 

Most of the water in the numerous sand and gravel deposits 
is not under much pressure and generally does not flow readily 
into drilled wells of small diameter, though it may constitute a 
very satisfactory source for large bored wells. The difficulty 
with many of the bored wells is that they fail to reach water 
because well augers can not bore into gravels that are firmly 
cemented, as they are in many places. In seeking municipal, 
industrial, or stock supplies in the upland regions, explorations 
should if necessary be carried to the Pennsylvanian strata, 
which can easily be recognized. 
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The conditions found in drilling in Fairmont Park, on the 
loess-covered uplands at Council Bluffs, may be regarded as 
typical. The first hole was sunk through 125 feet of loess and 
bowlder clay, two feet of yellow sand, and finally through about 
13 feet of red or yellow rock, stopping at 140 feet (about at the 
valley level) without water. The second hole was started on 
ground about 20 feet lower than the first and was carried 
through about 100 feet of loess and bowlder clay, two feet of 
gravel, eight feet of red or yellow rock, and 155 feet of rock, 
consisting of alternating shale and limestone strata. Finally, 
at a depth of 265 feet, it was abandoned, for it did not find suffi- 
cient water to supply a well of small diameter, although in the 
first 100 feet there were seeps that would probably have suf- 
ficed for a well of large diameter. The third hole was started 
on ground perhaps 110 feet higher than the first and was sunk 
to a depth of 280 feet. Near the bottom the drill passed through 
two feet of brown sandstone, 10 or 15 feet of yellow clay, and 
three feet of clean white sand and gravel, ending in a few feet 
of red or yellow rock. The water from the sand and gravel 
rose about 40 feet in the well, and with the cylinder at the bot- 
tom it can be pumped at about six gallons a minute. It is ap- 
parently of good quality. A fourth hole encountered six feet 
of sandstone instead of two, and four and one-half feet of gravel 
instead of three; its maximum yield is eight gallons a minute 
instead of six. 

Locally, the Cretaceous sandstone will yield freely, but it is 
so generally absent that for the county as a whole it is not of 
much consequence. 

The deep beds, which have been tapped by a number of wells 
in Council Bluffs and Omaha, yield moderate amounts of water 
rich in sodium sulphate. Between them and the water-bearing 
beds that are nearer the surface lie several hundred feet of 
Pennsylvanian strata, which are unpromising as a source of 
water, although a few wells seem to draw from them. 

The thick body of limestones referred to the Mississippian 
carries artesian water at several levels. In the Missouri valley 
at Council Bluffs small flows may be expected at depths between 
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620 and 740 feet and stronger flows between 800 and 815 feet 
(245 to 235 feet above sea level). 


The magnesian limestones and dolomites referred to the 
Silurian (often called sand rock in drillers’ logs because of the 
sharp sparkling crystalline sand to which they are crushed by 
the drill) are tapped by most of the artesian wells of the area. 
Water is found in them at 950 to 1150 feet below the Missouri 
bottoms at Council Bluffs. 


Other water is found in deeper dolomites referred with great 
uncertainty to the Silurian. Like the water from the Silurian 
dolomites at Bedford, these deeper waters are highly mineral- 
ized. These beds are the source of the main water at Fort 
Crook (1,560-1,580 feet) and were tapped also at Willow 
Springs Distillery (1,600-1,700 feet). 


CITY AND VILLAGE SUPPLIES. 


Avoca.—tThe public supply at Avoca (population, 1,520) is 
derived from four five-inch driven wells which stand 30 feet 
apart on the Nishnabotna bottoms and end at a depth of 28 feet 
with six-foot screens in a 13-foot bed of sand and gravel, from 
which the water rises within a few feet of the surface. The 
combined yield of the four wells was roughly estimated at 250 
gallons a minute. The water is hard and the screens become in- 
crusted in about two years. Before the present wells were put 
down a less successful system of small sand points was used. 
The water is pumped by the Electric Light Company into a 
standpipe and is delivered through about 444 miles of mains to 
approximately 100 buildings. It is used by one-third of the 
people and 25,000 gallons are daily consumed. Water for the 
boilers at the electric light plant and mill is drawn from the 
river; that for the railway locomotives is taken from a large 
dug well on the river bank; that for the boiler at the brick yard 
is drawn from rain water stored in a cistern, and that for the 
canning factory is taken from a well similar to the village wells. 

Carson.—Carson (population, 640) is located at a place where 
the Nishnabotna valley is greatly constricted, apparently owing 
to outcropping bedrock. The waterworks, which are in private 
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ownership, draw from a dug well about six feet in diameter and 
40 feet deep that extends largely through fine sand from which 
the water is with difficulty separated. The yield is between 10 
and 15 gallons a minute. The supply is pumped by water 
power into a small tank on high ground and distributed by 
gravity through a system of mains with limited service. The 
railway locomotives are supplied from a well that is similar to 
that at the waterworks. 

Council Bluffs —Water at Council Bluffs (population, 29,292) 
is obtained from four distinct sources: (1) Missouri river, 
which supplies the public waterworks and most of the railway 
companies, and furnishes the most satisfactory boiler water; 
(2) alluvial sand and gravel, which in the valley yields generous 
quantities of hard water that is widely used for a variety of 
purposes; (3) loess and drift materials, which on the uplands 
- furnish meager supplies of good water that must generally be 
lifted from near the bottoms of the wells, as at Fairmont Park; 
and (4) rock formations at greater depths, which provide 
moderate amounts of sodium-sulphate water that in some cases 
rises above the valley level. The deep water is used at the 
State School for the Deaf and at several industrial establish- 
ments, but it is avoided for locomotive boilers. 

For the public supply the water is lifted from the river by a 
centrifugal pump into sedimentation basins and thence ele- 
vated by duplex pumps into a storage reservoir, from which it 
is distributed by gravity. The system consists of about 34 
miles of mains with 288 fire hydrants and 4,500 service con- 
nections. The water is widely used by the people and by the 
railway companies, and approximately 2,500,000 gallons are 
consumed daily. 

Well No. 1 of the School for the Deaf is 1,012 feet deep and 
3 inches in diameter. The curb is 1,010 feet above sea level. 
The original head was 50 feet above curb, but the present head 
is only 10 feet above. The original discharge was 50 to 60 
gallons a minute; the discharge in 1889 was 11 gallons a minute; 
the discharge in 1908 was three gallons a minute and the present 
pumping capacity is 15 gallons a minute. The well was com- 
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pleted in 1885. In 1894 several hundred feet of new casing 
was inserted, with the effect of temporarily increasing the flow. 
This well now flows into an artificial pond and furnishes auxi- 
liary supply for fire protection. . 


Record of strata of well No. 1 at School for the Deaf, Council Bluffs. 





























| Thickness} Depth 
Feet - Feet 
Shale, red) icalonreotis Moet = tan ee ee rie eee 280 280 
Shale, lavender-colored, noncaleareous ______..--__-___-----------------=--=====-- 10 290 
Shale, bluish, calcareous; some small chips of limestone____--_----------------- 35 325 
Shale, dark gray, fine-grained, slightly micaceous, noncalcareous_------------- 25 350 
Shale;sbluesstourh s calcareous 2.2 oe eee eee 5 355 
Shale, blue, calcareous; some chips of limestone 45 400 
Shale, light gray to green, pyritiferous; a few chips of limestone____--------__ 79 470 
Shale, reddish brown; calcareous! 2:2. 220 2 fee ER eae eee 30 500 
Shale, dull red, siliceous, noncaleareous; 2 samples___-_-_-_--___ _-----_---_--. 100 600 
Shale, blue-gray, very weakly calcareous; 2 samples --_-_------.----------------- 90 690 
Sandstone, white, transparent; quartz grains rather sharp; some calcareous 
partidlest=2ne ee. oS a eee eee oe 55 745 
Liméstone; whites much quartz Sandee ee ee ee eee 15 760 
Shale, greenish; some fragments of limestone; calcareous, slightly pyritiferous 50 810 
Sandstone, fine wcalciferous: 2513-4. 5 Se ee ee ee bee eee 20 830 
Limestone, dark, mixed with some shale and sand 30 860 
Sandstone, very fine; some’ calcareous’ grails ioe eee 60 920 
Shale; ereen-erays. slightly Calcareous ico. ee eee on eee eee 60 980 





a From descriptions of drillings by J. A. Udden and by a member of Iowa Geological Survey. 


‘Well No. 2 at the School for the Deaf has a depth of 1,080 
or 1,100 feet and a diameter of 614 inches to 482 feet, 514 inches 
to 618 feet, and 4 inches to bottom. The casing is 4-inch pipe 
to 482 feet. The original discharge was 40 gallons a minute; 
discharge in 1908, 6 gallons; pumping capacity, 30 gallons a 
minute. Date of completion, 1889. The well is ease and 
furnishes 35,000 gallons a day. 


Log of well No. 2, School for the Deaf, Council Bluffs. 

















Thickness | Depth 
Feet Feet 
Suriace-Maverialy coc oe 5 Po re ee ee Ne re eee 
Shale. Cee at) eee Peete ae 8 ee Oe es a ee eee 300 390 
Sandy LAS ee 0M SE ee ee a ae eer ee 80 470 
imestonie’ 2.5 2 eee Te ee ee ae ro ee eee ee eed 100 570 
Bhralesce es soe So Ae Biel 2 ba Ee ee ee ae ee 250 820 
Limestone pave 2tc25 sep es ao Vs Se Se ee ee ee bee 100 920 
Handstone ss) 24) eels aah ead) eee OA ea Ce eee a) ee, eee 40 960 
Limestone soos 8 ee ee oe ee ee ea es ee ne 50 1,010 
Sandstone? Fitts Ce eee eee Eee ee ee eee _ 80 1,040 
Shale su. SN eee Nhat Sosa ose ce ee ee ese an neo tate ee, ee 35 1,075 
Sandstong fi 28 Se eee EEE se eS ee So YS ee eee 25 1,100 








UNDERGROUND WATERS OF THE SOUTHWEST DISTRICT 1169 


The Geisse Brewery well is 1,114 feet deep and nine to three 
inches in diameter. The curb is 1,047 feet above sea level and 
the original head was 55 feet above curb. The original dis- 
charge was 175 gallons a minute. The water comes from lime- 
stone. Date of completion, 1886(?). 

The well of the Chicago, Milwaukee & St. Paul Railway, at 
the roundhouse, is reported to be 750 or 860 feet deep. The 
eurb is 980 feet above sea level and the present discharge 31% 
gallons a minute. A gradual lessening of flow has been noted. 
No pumps are used. Driller, W. H. Gray & Brother, Chicago. 


Driller’s log of well of Chicago, Milwaukee and St. Paul Railway. 











| Vhickness | Depth 





Feet Feet 
ip grd ies gE Wee a kN a en ne ee sear eno 70 70 
Pepe fe pee nS a i se eS nee ee ee eee 100 170 
Rr a ce a ae irre om eer en er eee oes 480 650 
nO Wa beT.)y Spee oe oye 2 Se ee ee eS | 100 750 


The J. G. Woodward & Company candy factory well was 830 
feet deep. It obtained a flow of 15 gallons a minute from water 
bed at 725 feet, which had decreased to 5 gallons a minute by 
1904. The well was deepened in 1904 to 847% feet and the 
flow increased to 12 gallons a minute. Water at present is 
pumped at the rate of 60 gallons a minute with cylinder 140 
feet below surface. Date of completion, 1901. 

The Bloomer Ice & Cold Storage Company well is 1,280 feet 
deep and 12 to 8 inches in diameter. The head is 80 feet above 
eurb. A slight flow of ferruginous water at 700 feet was cased 
out, the main flow coming from 1,000 to 1,100 feet. The ori- 
ginal discharge was 105 gallons a minute; the discharge in 1909 
was 75 gallons a minute; the temperature was 62° F. The well 
was completed in 1906 at a cost of $5,500, by L. EH. Nebergall, 
of Omaha. 

The owner of the well states (from memory) that limestone 
was struck at 95 feet, beneath three or four feet of blue shale. 
A coal seam two or three inches thick was found at about 700 
feet, with shale above and below it, and a very coarse conglomer- 
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ate gravel with flattened pebbles at about 1,100 feet. From 1,150 
feet to the bottom the well is in limestone. 

Omaha, Nebraska, and adjoining towns—Some assistance 
in the interpretation of the difficult section at Council Bluffs is 
afforded by records of wells at Omaha, Lane, and Fort Crook, 
Nebraska. These records were collected by James H. Lees, 
Assistant State Geologist of the Iowa Geological Survey, and 
by: correspondence. 


Driller’s log of Riverview Park well at Omaha, Nebraska. 




















Thickness | Depth 

Feet Feet 
Drift: ac ee ce el Se ee ee ee eee 94 $4 
Times te trae es a ee Dene ee ee 70 164 
Shela = Sx cere 8 Nera Wi ue 10 174 
‘Limestone eee eee a ee eee ee 8&6 260 
Oaving shale; streaks of limestone 22-22-20 .225-2 2252 ee 87 347 
ilmestOne eee ak to nen na ne ee ee ee 48 895 
Stress of lime and shale, caving badly, at... 2 - leeee 400 
Oaving shale:to ss. =. 22-21 oS ccc ee ee ee eee 569 
Lime and shale ..._.....--...- She ee eee ee ee 41 610 
Sandy shale, caving badly in ~ places Sie entire et SA SUA OE 132 742 
AMERCONG ease se ns ee eee 108 850 
Shale, caving considerably ...........-.-.....3_---. 149 999 
Limestone, with streaks of shale caving badly_-- 101 1,100 
immestone os a oe a ns cee ee pe ee ee ee 58 1,158 
Sandstone) Pee ee ee con an a hs Bick kee ee ee eee 72 1,230 
Shale streak; vatt i oe ee ee ee 1,233 
Limestone: streaks ‘ofan ales... 25 oooh een oe ee ee ee eeeeo ean 147 1,380 














Log of Young Men’s Christian Association well, Omaha, Nebraska. 


{Elevation of curb, 1,070 feet above sea level.] 



































| Thickness | Depth 

5 Feet Feet 
Marth: .5:22220 2 oc ae 5 ee eee ee ne eee eae 102 
AMESTONOY ) 5. es a ee ere ee 0S ed ee eee ee ee eee 198 300 
Shale, red and’ black — 2 <- “S2cs S53 02s See eee et ts 2 Se ee ee eee 200 500 
AIMOBtONG ok ses oe eee ee a ee oe cer re ee 20 520 
Shale,, black 2. -.6 220. 382 eee ee eee ee 70 
Amestone | oes an Sn ea tee re ea a ee 170 740 
Shalevand limestone: <.. 222 oo ee ee eee 50 790 
Limestone’ << =.282 28305 ae ee ee ee eee ee ee ee eee 284 1,074 
Sandstone: 2.222.208. te eee ee eee 60 1,134 

Log of Booth Fisheries Company’s well, Omaha, Nebraska. 
[Elevation of curb, 1,045 feet above sea level.] 
= —=¥: 

Depth 

9 Feet 
LOaM and ¢lay 2 soso ee oo cee ees ee he ee ee 40 
Clay, blue, atrnce blue rock -- 50 
Bedrock is 5-o so one eee 61 
Shale -..-_. 78-88 
Limestone and shale 98 








2110) ee nee Se pate Ieee a ee eee Me eee mem me Se WP Ee a ee 98 
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Log of Booth Fisheries Company’s well—Continued. 
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pipelomthace Oe Ted FOCK pe toe eae ee ecco ee ee eet eae ee ee 2 a eee ee 
RIS Yen DlUes: tLBCOlOs: TederOC kaa eee rae | ener moa me re LS So bee oe ee eeoeeed 
NOC ig aa a Bie gt oS tps Ble SAS. oy oe nace gg pM gE a a as = a a a IR ee 
LO, GEA S ey 6G Awe EE Sete ae See ac eee 2 ee ame aes ws oe eh ee A Ee 
CoP id ed 0 LG a SR ee EE ee ae ee Re Seay Se ee eee ee mene 2g 
Parrnle TOG 5, 260) BE ec eatee = wes ae een ee a ae a a oad Gee cea nance) 
POLAY AD] ;), 200) ANG ene sae eee ee aan nee eee ene te ets ere SE) Sa 3 ee se 
Shale, gray 
LOU Gi RYT PO Re Se a Soo ES ah dan ape 5 eee Ele alee Be ae Se ree ee pe 
MUaIOLered ANG STAY, 400 CHG ance re ee ce ee ee etn Seno iae neem 
Shale 


POT EELG 0) CG CLCLISIN fc aes eee ee ree ee eee ee ee care baie dane boeene cen accbe cbs sobeos 
OND Stk Meas Se A SR me ty i ee a SR ee ee 
Shale, red, and clay 
REN SUNG ey GT ns a se ee eal de re ate ea ae ee es 
RGTERLER GONG) soo sa te et a ee eco ee OE ee eee Sea a ene eeee de Scclbat we dus 
PAMestone And clay ssa7sIiall OVeCrLOWsetes cere menace ees ane emcees tose oek coon eet eee 
ROTOR W AUG ence emer eee ee ee ee nd eee ete Sooaee Sree eae oese at iane ee nh oun cwnacceke 
AMRERLONG snc Se eae ee tee eee een le eee ne ted ae ee ee ee ae ne oman wen nSaneaa~ sat~eceewe! 
SPURINIGR GONG: THLOTO GW EMO l ease eo ne ee er ee ena ees Salen wex Saicbiam cet weno ace 
TOUS INES TONG SRENOTOs Wael ly eetesn anne eas eee eee ee soe es coe teecae~ undead aoc= 
Siler OW. 46 PANO sT aN Clg ate a oe nee eae ee aa ee Sree te cae oe cee 
PSHITTO RTO TYG RT ever eee areas trea ener een te ee eee cts 
Bad cave --------------------------------------------------- jw nm ea nn nnn nnn ne 
Limestone,. hard; water somewhat milky; 60 gallons a minute___----_----_-.--____------______ 
Hard rock; 67 gallons a minute ---------.. Bp eros od Shee ee Le ey ee ee a 
Bottom of well (flow of 110 gallons a minute) 








Log of Union Pacific Railway well, Lane, Nebraska. 
[Curb, 1,091 feet above sea level.] 











Feet 











Limestone ---- 
Shale, black --__ 


mimestone —--.5--.... Be ee Sa 20 
RA ee er ee ee eee ae ete im ace en ee aae nine ee aa ab asap ea cane 2 
TVATO BG ODO | ms me oe es ree a ee Sse anc Some sae e me este saan 15 
LOT (fe eae ae SE eS ee fo ee ee ee 2 
PAIDER CONG cos aneee tae owen aee eae a eet poten en ee ees ae ge cote e eee 48 


MARGSTONO, Use eta eage aoe eae nena 
HT STION DOLLG cc oes nr ea ce re een ne ie SEA ee a see et ee q 


eG ee ae a ee a ee a ee ee eae ae 159 


CURCOLG) 5 ee apt ce ee Ne eee 10 
EA ROB COUR os Soa rs te ae oe me ies ae in rw Nel a eo a eee 10 
EA, ee SES as? et Be ate ae ee ae ae ee ee es Re aE Ee a rapes 15 
PSEINCSTONO . <pecnecre seat eeee teen take ren nade aa emee sana aime tena eee a atcm oe addecomaan 10 


Shale _._---.-..----------~-__--------- ---------- --- === =--- == ---- =~ 3-2-2 ---- == 6 


BPATES LGTGN meee eects oe tee eee eer eee eran sien Omar en ewen ee ctes wal 146 
RITE R ee a a ee ee ee ee a Ses ae ee eo wares 8 


OVE Eos se, RN SSE armen ip bodes ge i ie ee ee ee ee 4 
TIER EOS i naar a ee pea te en ie ee i ee ee Se em omen | 41 
SMO ae SE Se pe ef ee i ee ee ee ea ee 9 
MGIINIEH CONG) See cee as ae co et ee ape eo Sek dona. 318 
VS OE CS ORE i a ee ep a 67 
ELETIOS ET OT)G) ss = cece ene, See et te ete lee ee ee ee eee eee ae 33 
TD GRE A I SR et es i ete ee 5 fe ate ls ee a | 7 
BANUSGONG: 2.5 -scoeae qeane see mee ean mn at ieee oe eee eee dee rene a ease aaa nce a caakcea | 8 
RIO oes we ms ee ee ne ea ne Sek ae rao e ema Sane tae Oe ein als 10 
RECS RG I I cee ee ae ee Ns oe 9 
“CLR 2) ee ap Se Bae rs Af ieee an eS RO ELE eee aol 16 
ALES Sr oC ies Seas Sls ie | Ba SS eS a aa a ee 12 
ETRE E OIG 0 ax ses ones ere ee eet a tn te ey eS oa E ae eon a ene on ae an eae aioe 90 
PORN TR CIS CII oe cs acs ot en a aa er nh A Se eae Re is 12 
Limestone 
Sandstone 
WIMIGRLONG) =o... Soe Sen See nee tee ete aos 5 Se ee ee 104 
Shale, green 
Sandstone 





Thickness 


| 


09 <3 <7 
Rohe 
Om bs 
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Record of strata of deep well at Fort Crook. 


{Furnished by Frank Phillips, Government engineer.] 








| Thickness 





| 


ONPOCOTCO $n ce ck cs sw pee era eee eee eae pe eee 
Sand, COATES cossss pect a eee hw Se eae eben eae eae oe aeae 
Sand: gravel up to three-fourths inch diameter; pebbles of quartzite, green- 

stone; granite, 8t0ii.—...-_. WW... eer ee ee eee 
Till, blue; smal] pebbles, some of coal; facies of Kansan drift------__--------_- 
Gravel; up to 1 inch diameter; well rounded; cuttings of gray crystalline lime- 

stone; rapid effervescence in cold dilute hydrochloric acid_-.__-.--------_--_-_- 
Limestone; as above. some grayish white fossiliferous cuttings_-_.._.__-__--__-___ 
Limestone, light yellow-gray; rapid effervescence; subcrystalline; Fusulina 

@eylindricS | oan sen eo nhc Been oc ee ba eeloe eee poe eee pea eee 
Limestone, gray-white; in small ching 6 see eee ee eee 
Limestone, blue-gray, soft, earthy; large irregular ehipa: fossiliferous; crin- 

oid stems and joints and’ Fusulina cylindrica; some shale ~-_-..-----.-._----_ 
Limestone: gray. subcrystalline, encrinital; some green shale_---____---.._____ 
Limestone, green-gray, hard, fossiliferous; rapid effervescence_-.__-.-.-_.-__-__ 





Shale, ‘black fissile.<. 02! ooo Pa ear ie ee eee 
Limestone. grayish white, encrinital; in flaky chips...._._...-—-_---.-.-._._ 
Shale, “black 22 oe nn ee eee ee cee eee oe eee 


Limestone, light gray, earthy; some black shale from above_------------------- 
Limestone, white, fossiliferous; in large flaky chips; some blue shale_____-___- 
Shale, green, small particles of white limestome__--_-.-.-----------__------------ 
Limestone; gray and, white,. soft, earthy... ee eee 
‘Limestone, blue-gray, fossiliferous, compact .---....--.-.-----------..---------- 
Shale; red; {slightly caleareous 3.0 ee cee eee eee 
Bre aee blue-gray, fine-grained, micaceous, calciferous, in chips; some red 

Shale ee a ee oe nk a ee ee ee ee 
Limestone, blue-gray, highly argillaceous; some pyrite.-.-.....-___-__.---___-.._ 
ae blue-gray; shale, black, reddish, and yellow; fragments of Produc- 





Limestone, cream colored, earthy; Tapidteffervestence-=.----— = = eee 
Limestone, light gray, earthy Snenneeeesean ge Coes tmeh pease ena eanene eae eee 
Shale; (black veoaly Voss. = s-_  e  eeee 
Shale, light igreen*-Calcareous ..-< sec name ue coe nese aden ee eeeese ee eee 
Shale, blue, calcnareous;) plastic. ....c2 2s ee eee 
ajoreredeonre dark blue-gray, calcareous, micaceous, laminated, fine-grained; in 
COIDS (ess aah ee ee ees Bae ee ee ee eee eee 
Limestone, light buff and gray; rapid effervescence; blue shale ~-_---_-_____-_- 
Shale, varicolored, Dive eray cy ClOW,) Ted (baseees as asanenee = nee aee eee eee 
Shale, gray? some: coals vine thin) flakes \_ 222 ee eee eee 
Sandstone, light gray, micaceous; grains minute and highly irregular in 
shape; in fine -pand:: 0 Nee tee cs Sn gn nes ee 
Limestone, sandstone, and shale; limestone and sandstone in fine sand;, shale, 
black, fissile, in flakes of some size and perhaps from above___-_---.-__--_--- 
Chert, "white ico. 5: 3 3 eee eres os es 
Chert, white, and limestone; some sand and shale —---...---__--__--____--____-_ 
Limestone, light buff and white; chert; some sand in drillings, rapid effer- 
vescence’ 2 eS eee ee eee 
Limestone, light buff and white; rapid effervescence; chert; some sand_------ = 
Limestone, white and gray; rapid effervescence; some chert and chalcedonic 
DO 5053 Ik. Tihs Sl emurepes ones ny epee ky arti Leh Np ace pet «| cl an eh Rt RS, SNE TRS ttec | Sle 
Ohert and chalcedony; some limestone, of rapid effervescence; 3 samples_____--- 
Limestone, light gray; rapid effervescence, chaleedony and chert; all in fine 
sand; all samples below the sandstone at 500 contain more or less quartz 
sand of irrepularand) minute: grains soe een ee eee 
Ohert, white and gray; limestone, light gray; limestone, in sand, chert in large 
DB. escent Reo Sa ot etd ae ne ee ee See 
Limestone, white and light gray, compact; rapid effervescence; some chert_-__- 
Limestone, light gray and white; some laminated, compact; rapid effer- 
vescence; some crystalline? darker? some ehert: ss eee 
Limestone, white and light gray, macrocrystalline, soft, fossiliferous__________ 
Limestone, comnact, white, rather soft; rapid effervescence; larger part of 
water-worn chips of shale of various colors and some gray sandstone, both 
evidently. from “above tne a2 ssa ee eee ee eee 
Limestone, white and light gray; in small flaky chips__.---__----------------- 
Sandstone, light gray; grains diverse in size and irregular in shape; consider- 
able white limestones all iintine ‘sand: 2 ‘samples== pos ee ees 
Shale, blue; plastic: 22. eee sere eee ea eee wie art Gee 
Limestone, light gray; rapid effervescence; sample consists of limestone, some 
quartz sand and ehert, and black shale and pyrite; all in fine sand_-_-___. 
Limestone,. white, soft and dark gray, subcrystalline, hard; in flaky chips. 
Limestone, light gray, dense; in small angular cuttings___-_ aoe 
Limestone, light gray; rapid effervescence; some chert .-c22l-222 ee 














Ba oh 


1) 
ooo 


te eH op et ate 
oO ner S Soom 


S a 


50 











Depth 


Feet 


352 S88285 58 


$8.83 282 3 
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Record of strata in deep well at Fort Crook—Continued. 























| Thickness | Depth 
Feet Feet 
Limestone (?), cuttings of limestone, chert, shale of all colors, and grains of 
Gastoz, probably ‘dte- to) Cavilig fee ee ete ae eee ace ene ee ce 24 950 
‘Limestone, light buff, some white; considerable chert and quartz sand in 
UP EUID GS Fon ceo mee cee ee ee ade aba Sa matiee snekGuackecndeecae 30 980 
Ohert, blue, mottled; limestone of rapid effervescence; some quartz sand_-_--_ 20 1,000 
Limestone, light buff; much blue chert; slow effervescence, indicating large 
content of magnesia Sone ae Se nt Ea ae ie eee eee Roe coe ba eed 4 1,004 
Limestone, light gray and white, compact; in flakes, rapid effervescence______ 1 1,015 
Limestone, light buff and light gray, suberystalline; effervescence slow; some 
Marocles: TApIG: Sasa as So ca eae ee cen does eat sare asssaasessaccatetanassasaee 3 1,018 
Dolomite, dark brown, erystalline; in sharp sand; effervescence slow_--_____-__ 37 1,055 
Dolomite, light buff; in fine sand 3 1,058 
enaiaite: as, at U,0b0s Cet oe aetna aoe eee oe eee ne oe aa ene eawe! 2 1,060 
Shale, blue, plastic, calcareous 5 1,065 
PeeLOMice, Heht: bute ee ee noes see eee teasesonccae akceetecees-nuln 5 1,070 
Limestone, buff, en-mass; rapid effervescence; much white and light gray lime- 
stone: some hlack shale and quartz sand; resembles upner limestones_____- 10 1,080 
Limestone, dark and light gray; rapid effervescence; in minute cuttings; black 
BeistiOe 17 OM ADOVC ee ree een eee ee ene ee eee nine saee sna ao amas aaa 45 1,125 
Dolomite, light buff; in finest crystalline sand, without shale, and with negli- 
ue CQUATUZ) BALTIC ters RAM DICha yee een ws eae ee te ae oa 95 1,220 
Shale, bright green, hard, noncaleareous, nonarenaceous; in sand; many chips 
Ae LOL CONDE Ge ce ee ee ee ret oes See onan ame e aaa ms ew 80 1,250 
Dolomite, grays In unest sands 2 samples SoS esos eee 90 1,340 
Dolomite, white; in finest sand (see analysis below); some quartz sand in drill- 
ings, grains fairly well rounded, some with secondary enlargements; many 
broken; cuartz sand from 5 to 10 percent of sdrillings PSs ea ease 120 1,460 
Dolomite, light gray and whitish; in finest sparkling crystalline sand, almost 
free from quartz sand <u e a n  n n et wn anwe 100 1,560 
Dolomite, white, macrocrystalline; in coarse sand_..___-_----~--.--_-_-.--_._. 20 1,580 
Dolomite, light buff; cherty in fine sand practically free from quartz_-___----_.- 185 1,765 





Analyses of drillings from deep well at Fort Crook, Nebraska. 


(Made in chemical laboratory of Cornell College, Mount Vernon, Iowa.) 














1,018 tet|1,s40 feet|1,580 feet 








Sd BYTANY Gy RODS oa pa ee aa ae te pe ol el 5.41 17.92 11.46 
Iron (FeO) ---------------------------------------=____.-._-------..--- 1.37 1.23 2.60 
Water (H.O) -------------------------------------- 1 ae Sal faa pal ae 2.26 2.08 2.01 
Calcium (CaO) ----------------------------------- 1 danpusee ete Saag ES 26.20 19.64 20.78 
Magnesium (MgO) ----—------—----------------_____._.-__.-------- 21.06 20.65 22.78 
Carbon dioxide (COze)-------------- Ae ie ee eee 43.73 88.18 41,21 

100.03 99.70 100.74 








A complete set of samples of the drillings taken from the 
deep well in Miller Park, Omaha, was preserved by the drillers, 
J. P. Miller & Company, of Chicago. The surface at the well 
as reported by the city engineer is 1,007 feet above sea level. 
The depth to the principal water bed is 810 feet; another water 
bed is at 1,150 feet. The natural flow 1 is about 150 gallons a min- 
ute; temperature, 60° F. 
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Record of strata in deep well at Miller Park, Omaha, Nebraska. 











| Thickness 


































Depth 
1 
: Feet Feet 
Silt, light greenish yellow, calcareous, argillaceous; mainly fine, angular quart- 

zose particles; some hard chips of white limestone, at..------------------------|------------ 50 
Limestone, light blue-gray, and light yellow, earthy, subcrystalline; rapid 
’ effervescence in cold dilute hydrochloric acid; in large ecuttings.____.__-_-----.. 11 70 
Shale; red; ‘according’ tovlabel... = 2. = 53 ee gee ee 10 75 
Limestone, white, soft, earthy; in large chips_---_-_-_-- ee eee sk 15 90 
Limestone, white, soft; in thin flakes; with green shale_ eS RR ale oS 10 100 
Limestone, ‘white,, Oarthy) 222.2. sce ee en caw ee ee eee 10 110 
Limestone, white and light gray, compact, fine-grained, earthy; in flaky 

chips. i... 2255 eee eS a ee ee ee ee eee 20 130 
Shale, blue; and limestone, white, soft, earthy, blue-gray, fossiliferous..-__-__ 15 145 
Shale, red; and limestone, light blue-gray, hard, fine-grained; some litho- ) 

graphic with conchoidal fracture, some partly crystalline____.-_____--_-.-_-____ 10 155 
Limestone, blue-gray and pinkish, earthy; some fine-grained, conchoidal frac- ; 

tures, reddish shale) so os a a ae 10 165 
Limestone, drab, conchoidal fracture; reddish and greenish shale__.-_---.-___- 10 175 
Shale, drab, argillaceous; calcareous nodules --.-------------------------.------- 10 185 
Shale, ved (s-e4Scse Shes oes oe ee ee eee ee ee ee ee eee 10 195 
Shale;: Dlue@hacn ces ack. cca cocks cee ce eeeaecn eee bee ee ee ee oe ee eee 10 206 
Shale, blue, plastie ...-...-.---... 40 245 
Shale, blue, plastic, caleareous__--._.- 10 255 
Limestone, gray; in fine angular sand -. 10 265 
Shale, ‘red’ ‘some eteen plastic shale =~. ee ee eee 10 278 
Shale, biue,’ plastic; slightly calcareous) <2 oe ee eee ee 10 285. 
Limestone, blue-gray, fossiliferous; crinoid stems; in small chips in mass con- 

creted with. drab..and. black shale 2.422.202 See ees 10 295 
Shale, blue; piasties:two (samples 22k ee ne ee eee 20 815 
Limestone, buff; in fine: angular sand) 222-2255 ee ee a eee 10 325 
Shale; black 25 2 ccna aso ann earns a tenn eee cece ee eee 10 335 
Shale, red; some green, at... cacn ecco ns ewees oe eee wenn eee 335 
Shale, green and purple; some hard silico-caleareous cuttings--__.__._.--__--__._ 10 345 
Limestone, gray; some pinkish; a little flint, with yellow, green, and reddish " 

Shale 52s a eh ak no a ee ee Oe ee ene ne ee 1 355 
Shale, reddish and yellow; and sandstone, blue-gray, fine-grained_-...._-._____ 10 365 
Limestone, gray; in fine angular sand, 385 
Shale, greenish yellow, three samples —~---_-.-.-.-_-.__-__-- 415 
Shale,’ bhie,| plastic’ 42 25 ee ene ee eens eee 435 
Shale, ‘blue; somewhat calcareous, =. _<— ---9 2 a ee ee 445 
Shale, ‘black: and yellow-green s.o2.- 2. So oe eee eee 455. 
Shale, black ‘and reddish S22+-4----0-2-s-~ 2 bo eenape ease eee 465 
Limestone; white and\gray; some white chert... = ee 10 475 
Ohert -and limestonué,’ whitesanderay) 2... -- ee ee eee 10 485 
Limestone, blue, highly argillaceous, hard and white, saccharoidal; some chert 10 495 
Limestone, white and light gray; much white chert__--___-----_-____--_--_.--__-_ 20 515 
Limestone. light gray; in fine sand; with powder of shale in light blue-gray 

eoncreted: masses 0-25 Sa on oo ee eee eee 10 525 
Chert and chalcedonic silica; much black, drab, and reddish shale from cave__ 20 545 
Shale; ‘drab; gray limestone and!chert =a es eee 10 555 
Limestone, medium dark blue-gray, dense, earthy; in rather large chips; some 

flint and ervstalline quartz, apparently geodic; also blue shale__..._____.___ 10 565 
Limestone, light yellow-gray; some greenish gray; in fine sand, at-_--.___L-.--_|___-_-_____. 565 
Chert, light gray, in small chips; a little limestone of same color___-------_.__ 10 575 
Chert, gray; a little light gray or whitish limestone__.-__.-___-_-_______-.-_... 10 585 
Chert, gray. drab, and white: a little chaleedonic silica and gray limestone 20 605 
Limestone, light gray; much chert; some fine grains of clear quartz, partly 

TOUNGOd 35 ois eee on ee a es A ee ee 20 625 
Limestone, light gray and yellow; considerable chert and bluish chalcedony 

and ‘some quartz grains, 2026. 28. eos oe eee re ee ee eee eee nae 10 635 
Shale, blue and light green; in molded masses; small, hard, dark blue-gray 

nodular masses at 635 feet; calcareous and argillaceous____----_-..---_____--.. 50 685 
Limestone, light yellow-gray; and hard, blue, argillaceous___-__---____-______.. 10 695 
Limestone, light yellow-gray, dense, fine-grained; in flaky cuttings._.__-._____. 10 705 
Limestone, white, soft, earthy: some hard, erystalline; with rare fragments 

of crinoid stems, white and bluish white chert, and small quartz crystals; in 

medium sized chips) 22-=5..2---- 32222. sess kn Spe ee eg ae eee eee eee 10 715 
Limestone, créam-colored,-hard, fine-grained; in coarse meaJ__...-.-.-.-_____- 10 725 
Limestone, white and light gray; soft; in small flakes_.c.--.-..._.______._.— 10 735 
Lidiestoud; light yellowsetay: a et ee eee 10 745 
Limestone, white and light gray; two samples_._..-.-..--.---_-.----..-..-----... 20 765 
Limestone, white and cream-colored; dull luster; in flakes; soft-_...-__----_----- 20 785 
Limestone, white, subcrystalline; in sand; minute rounded grains suggest 

oolitiec or foraminiferal tests; with shale, green, noncaleareous___-_-_._-___--- 10 795 


¥ 
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Record of strata in deep well at Miller Park—Continued. 
Thick- 
ness Depth 
| Feet Feet 
Limestone, gray, of rapid effervescence; some subcrystalline limestone of slow 

effervescence. Latter is the first limestone whose slow effervescence indi- 

cates any considerable magnesian content; shale green, practically noncalear- : 

Seis oe Chips 1. cnc ee ee ee eee ere ee ee ere oe ee oe eee ee 10 808 
Limestone, white and yellow-gray; with chert, and some quartz sand; and : 

foaie  ereen, Pyrititerouss. 1m Chipseeess sees eee eee a ee ce 10 815 
Limestone, white; rapid effervescence; with shale in chips; much fine quartz 

sand; shale from 785 to $26, probably due: to: caving-—-....- 2-22.22 ss--2-2+-22 10 825 
Limestone, white and light yellow, crystalline; effervescence rather slow; with 

Bialec DluUe-STAy, (Difilye PyritierQuace: seen anor eo tk Se ee 10 835 
Limestone, white or light yellow-green, crystalline, and in part saccharoidal; 

miuchehite-sray nonesicareousnenalorcee: es eet eee a ke 10 845 
Limestone, buff; slow effervescence; much white chert; fine cuttings__._...-__-- 10 855 
Limestone, gray; with white chert; ‘effervescence slow; in fine cuttings__-----.-- 10 865 
Dolomite or magnesian limestone, light gray; in very fine crystalline pow- 

der; slow effervescence; two samples eee oka ree sn aeakane ton dawcscenen 20 885 
Limestone, light brown; moderately slow effervescence; in crystalline sand; a 

few fine rounded grains of Ree es SS EE, Re a nea 10 895 
Limestone, brown; in sand; effervescence rather rapid_-----------------__------ 10 905 
Limestone, light yellow, crystalline; some of moderately slow and some 

Ol rapidwetférvestenee! 2a. a. neck nn oes ee cece eececakel oa awennnsl ——— 10 915 
Limestone, light yellow-gray, subcrystalline; in fine cuttings; effervescence 

P41) (0 Cee ae iS SPS Re Se eae Se Se eee ee ae ee 10 925 
Limesione, light yellow and brown, crystalline; effervescence moderately slow... 10 935 
Dolomite or magnesian limestone, buff, crystalline, compact; effervescence 

slow; in small cuttings; three A SR RG CRE: ae een 380 965 
Dolomite or magnesian limestone, crystalline, cherty, light gray; “slow effer- 

MOS COLOR! At Won Schill PL Cu pe amen eee eee ks ie kk bk oe ee 30 995 
Limestone, light gray and yellow; in fine sand; effervescence moderately slow 10 1,005 
Limestone, light gray, blue-gray and drab; hard; effervescence rather slow; 

Inuch quartz sand. of rounded grains; ..- = 10 1,015 
Limestone, light gray; rather slow effervescence, cuttings of hard, white 

calcareous shale; all in sand; Gyo: Epraeal yee aa Nee oy A SS ee en 40 1,065 
Shale, bright green, hard; in small chips; calcareous; with limestone, buff; 

effervescence’ rather slow: some calcite; in fine sand__--_-..- ae WR 10 1,065 
Shale, green, plastic, in molded masses but with individual “fissile fragments 

mm beaded.» CAICRTCOUS Som eae ce eee nn ae nee ae at on te a ate bhawencaceao sone 10 1,075 
Shale; as at 1,065 feet; some chips of light gray limestone; rapid effervescence 10 1,085 
Limestone, buff; some mottled with drab, rather slow effervescence; some 

ECON SN GIG fe cse ane pec sen nae ene nee oe me emanate ae ee eae e Enanban ngewe nesolhencnan 20 1,105 
Dolomite or magnesian limestone, clean, -bright yellow, fine, crystalline,| \ 

granular; effervescence slow; with embedded minute ill-rounded grains of 

Blichora ttle white chert-stworsamplessesie= se ae 20 1,125 
Limestone, light yellow and whitish; moderately rapid “effervescence; much 

green shale; al] in fine sand; two samples Bo cayman ps Ip ey Spe a ar 20 1,145 
Sandstone, white, fine; well rounded grains of crystalline quartz; some pink 

limestone of rather rapid effervescence --.-.---.......-...-------.-.---------- 20 1,165 
Limestone, pinkish and light buff, subcrystalline; moderately rapid effer- 

vescence; some gray, of much slower effervescence; in chips; and shale, dark 

red, very slightly calcareous, arenaceous; in chips; and sandstone, of 

grains as above, with dark red matrix of BHB1OS Ss Poe oe ce ws en eo cs 10 1,175 
Limes one, light gray;,rapid effervescence; some white chert; and sandstone, 

Steines Well ‘TOUNdeCG STAINS pao ees ce ee a es oom ake Ne kee en 10 1,185 


Dolomite or magnesian limestone, light blue and yellow-gray, compact, with 
white chert; effervescence slow; some quartz sand and green shale, probably 


EOMIma DOVES mele H Un RAMIDICN owen mem eeet eee ont ees etee eae ene aaa 84 
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Driller’s log of Miller Park well, Omaha, Nebraska. 



























|7htekness. Depth. 
| 
Feet Feet 

Olay; * 80L6 2.202. = Ba en ae sec eee en ee ae aa ee eee 80 30 
Hardpan “and: iQTAavel mesesce nae an nee er ee ee ee 40 70 
Hard ‘limestone .: 255023 eee 2 on ee ee eee 25 95 - 
Shale and: streaks Of limestone. 222025 =:5 oo ~ eee ee eee 12 107 
Limestone. 22252 a ee et a a eae ee ees ee ee eee . 13 120 
Shale 82.5 foie en ae ee ee ee 5 125 
Limestone (2225225 eee eee. 10 135 
Shale;-red } cSsscoeeeceeneee den wascas costo oneee 40 175 
Limestone, hard 5 180 
Shale,” blue: \oo2ese en nn ea eee eee eee es his Pe Sains 4 45 225 
Limestone. | 2.203 ade ee ee ed a ee ee eee 5 230 
Limestone, hard 3 233 
Shale \(..22. 2 sa ene ne eee eee eee ee eee 62 295 
Limestone, hard 20 815 
by Gea eae Ba cod: a SS ee ee 85 350 
Shale, black 15 365 
Limestone 7 372 
Shale, *-yellow;., 2nd) limestone... =0) sce ee 38 410 
Shale, ‘blue, (se soe se ee 45 455 
Limestone 20 475 
Shale, white 12 487 
Limestone 20 507 
Shale, black 10 517 
Limestone, 14 531 
Shale, blue 6 537 
Limestone 5 542 
Shale, blue 12 554 
Limestone 3 557 
Shale 7 oe eee a ne ee eee 5 562 
Limestone 23 585 

(:) (eee 5 590 
Limestone --.. 25 615 

ale” fe 4 619 
Limestone 20 639 
Shale, white 83 672 
Limestone; hard (22050 a oe eee 48 720 
Oaving .Y0Ck » 22.27 See no es oa ee ee eee 4 724 
Timestone nino oe oe ec eee Se ee ee 116 840 
Sand (water bearing) 2 842 
Limestone’ .o2c5—5.ssseee ee eee "¢ 849 
Shale 2. eee 6 855. 
Limestone 85 | 940 
Shale 25 msn k a rr eg a Sie ae eee ee 412 952 - 
Limestone 108 1,060 

1 eR at rly et re ee Le 7 1,067 
Limestone, hard 8 1,075 
Shalege-ceeesceeeee eee 80 1,105 
Limestone 20 1,125 
Sandstone re | 1,129 
Marl, sandy, TOC ee nn ec ee ee ae 15 1,144 
Limestone ---+..-------------------.----—-_=——==-=------------_------__---- === 125' 1,269 





Minden.—In Minden (population,423) there are two pump- 
ing stations each with two wells, none of which supply much 
water. The first well is eight feet in diameter and 40 feet 
deep, is cased with brick, passes through clay and gravelly 
streaks from which it receives seepage, and furnishes about 
5,000 gallons a day. The second is 16 inches in diameter and 
60 feet deep, is cased with tile, penetrates a bed of quicksand, 
and yields perhaps 10 gallons a minute. The two new wells at 
the pumping plant recently installed are 20 inches in diameter 
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and 58 or 60 feet deep, are cased with tile, and also end in 
quicksand. There are a standpipe, 114 miles of mains, 22 fire 
hydrants, and 41 service connections. The water is liked by 
the people and is widely used for domestic purposes. The 
average daily consumption is estimated at 10,000 gallons, which 
amount is now easily provided by the wells. The Chicago 
Great Western Railway has in the past utilized a spring and a 
shallow well that have not been satisfactory. It is reported 
that the railway company at one time drilled to a depth of 
several hundred feet without success. The well at the canning 
factory is similar to the village wells. 

Neola.—The public supply at Neola (population, 926) is ob- 
tained from one five-inch and about fifteen two-inch wells that 
end with screens in a thick bed of alluvial sand and gravel at 
depths of 45 to 50 feet, from which the water rises within about 
14 feet of the surface. With a suction pump placed six feet 
below the surface this system of wells has been made to yield 
145 gallons per minute. Some of the small wells have been in 
service a long time and their supplies have probably been shut 
off or greatly diminished by the incrusting of their screens. 
The water is of good quality though it has considerable tem- 
porary hardness. There are two miles of mains, 24 fire hyd- 
rants, and numerous taps. The pressure is obtained from a 
storage reservoir situated on high ground. The water is used 
extensively for domestic purposes and it is estimated that 
50,000 gallons are consumed daily. Both railway companies 
draw locomotive supplies from the valley gravels. 


Oakland.—Oakland (population, 1,105) is located in the Nish- 
nabotna valley and has a gravity system of waterworks that de- 
rives its supply from a series of driven wells that end in alluvial 
sand at a depth of about 22 feet. 

Walnut.—In Walnut (population, 950) two wells were drilled 
to a depth of about 200 feet into a bed of incoherent fine- 
grained water-bearing sand. Numerous unsuccessful experi- 
ments were made to separate the water from the sand, but the 
wells were finally abandoned. At present the supply comes 
from a reservoir formed by damming a ravine at the south mar- 
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gin of the village and from four shallow wells in the same 
locality. Three of the wells are bored to about 60 feet, where 
they are said to strike gravel; the other is a dug well 10 feet 
square and about 30 feet deep. The supply from this system 
is small and precarious and is not considered satisfactory. The 
waterworks include a standpipe and two miles of mains. Only 
small use is made of the water, the consumption being perhaps 
not over 3,000 gallons a day. 


SHELBY COUNTY. 


BY O. E. MEINZER. 


TOPOGRAPHY AND GEOLOGY, 


Shelby county consists of a hilly but fertile loess-covered up- 
land interrupted by several wide alluvium-filled valleys that 
trend southwestward. The hill topography, with a general re- 
lief of 100 to 200 feet, is carved out of a thick accumulation of 
glacial drift and associated deposits, below which is hidden a 
thin layer of Cretaceous sandstone and shale and a much 
thicker series of Pennsylvanian shale, limestone, and sand- 
stone. 


UNDERGROUND WATER. 


SOURCES. 


The water-bearing formations underlying the county are the 
alluvium, the loess, drift, and associated deposits, the Cret- 
aceous sandstone, and the lower formations. 

The Pennsylvanian strata will furnish little water, but 
moderate quantities can be secured from formations at greater 
depths. The Carboniferous and deeper waters are rich in 
sodium sulphate. 

The Cretaceous beds, which consist of poorly cemented sand- 
stone and soft shale or ‘‘soapstone,’? where present, lie next 
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above the Pennsylvanian. They have apparently been reached 
in a number of wells, but since most of these wells are old and 
a large proportion have been abandoned little definite infor- 
mation in regard to them remains. The sandstone contains water, 
which, however, is not under much head and hence does not enter 
the wells rapidly and must be lifted from considerable depths. 
Moreover, the sand screens that are used readily become in- 
crusted, shutting out the supply. From the meager data at 
hand it seems that the water is harder than that from more 
shallow sources but is less mineralized than the deeper water. 
In future work it should be understood that better results can 
be expected from four-inch and six-inch wells than from small 
two-inch wells, which are poorly adapted to this region. 


The bulk of the county’s water supply is obtained from bored 
and dug wells, whose advantage lies in their large circumference 
and resultingly extensive infiltrating surface. These wells are 
commonly sunk at low points into the unconsolidated materials, 
from which they derive meager contributions at several levels, 
the most water probably being obtained (1) at the contact be- 
tween the loess and the subjacent gravelly and weathered drift 
and (2) at the contact between the two drift sheets that appear 
to exist here. 


In the principal valleys fairly abundant supplies can be ob- 
tained by sinking inexpensive open or driven wells into the allu- 
vial sand and gravel, and it is from this source that a large 
part of the water for public waterworks and locomotives is ob- 
tained. 


CITY AND VILLAGE SUPPLIES. 


Earling—The waterworks at Earling (population, 323) are 
supplied from two pumping plants, each of which draws from 
two dug wells. The four wells, all situated on low ground, range 
in depth from 21 to 51 feet and depend chiefly on slow seepage 
from clay. They fill each day to a level within about eight 
feet of the surface and will together easily supply 15,000 gal- 
lons, which is about two and one-half times the average daily 
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consumption at present. The water is only moderately hard 
and is used by nearly one-half of the people. The waterworks 
include a tank elevated upon a tower on high ground, one-half 
mile of mains, eight fire hydrants, and 40 taps. 

Harlan.—The public supply of Harlan (population, 2,570) is 
drawn from eight six-inch wells located in the valley near the 
river. They extend through yellow clay, tough blue clay, and 
fine sand into coarse sand and gravel, in which they are finished 
with 12-foot screens at a total depth of 43 feet, and from which 
the water rises to a level 20 to 24 feet below the surface. The 
pump, which is in a pit eight feet below the surface and there- 
fore has a vacuum of 12 to 16 feet before pumping is begun, has 
been operated rapidly enough to lift 275 gallons a minute and 
is usually run at the rate of 175 gallons a minute for about 18 
out of every 24 hours. It is propelled by water power. The 
water is stored in a standpipe situated on high ground and is 
delivered by gravity through about four miles of mains to 41 
fire hydrants and 380 service connections. It is used by most 
of the inhabitants and by the three railway companies. About 
200,000 gallons are consumed daily, one-third of which goes to 
the railway locomotives. The water is only moderately hard 
and is fairly good for use in boilers (see p. 202 for analysis). 


Kirkman.—Kirkman (population, 180) has an air-pressure 
system of waterworks supplied from a dug well six feet in 
diameter, which extends through clay to a depth of 47 feet and 
ends in a bed of gravel. The well fills to a level*about 25 feet 
below the surface. It furnishes approximately 2.000 gallons a 
day and would yield considerably more. The water is only 
moderately hard and is used to some extent for domestic pur- 
poses. 

Panama.—The waterworks at Panama (population, 232) con- 
sist of a gravity system with limited service supplied from a 
six-foot dug well that extends to a depth of 43 feet and depends 
on clay seepage. In the driest season the yield of this well 
was reduced to 2,000 gallons a day, but it normally yields 
several times this amount. 
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Portsmouth.—The public supply of Portsmouth (population, 
347) is obtained from four driven wells located in the valley. 
They end with screens in sand and gravel at a depth of about 
00 feet, the water rising within 16 feet of the surface. Two 
of the wells are together pumped at the rate of 50 gallons a min- 
ute by means of a suction pump at the surface. The water is lifted 
into a tank on the upland and is distributed by gravity through 
1144 miles of mains to 10 fire hydrants and about 30 service ,con- 
nections. It is used by nearly one-half of the people, and ap- 
proximately 7,500 gallons are daily consumed. 


TAYLOR COUNTY. 


BY O. E. MEINZER AND W. H. NORTON. 


TOPOGRAPHY AND GEOLOGY. 


Taylor county is deeply trenched by numerous valleys that 
trend in general southwestward, between which are hills, ridges, 
and isolated tracts of comparatively level upland. The glacial 
drift, where not dissected, is of considerable thickness. At the 
bottom it'is very dark, and at the top it has been colored yel- 
low by oxidation. At intermediate horizons are found ‘‘hard- 
pan’’ and a few beds of sand and gravel. The base of the 
drift has been so little exposed that it is not known to what ex- 
tent sand exists between the bowlder clay and bedrock. Widely 
spread over the weathered drift is a coat of clay, rarely as much 
as 25 feet thick, and apparently averaging much less, which is 
essentially free of pebbles and grit and which is ashy and plastic 
at the bottom, but is generally yellow and loesslike at the surface. 
In some of the valleys the alluvial deposits are well developed. 
As far as is known, the bedrock belongs to the Missouri stage 
(Pennsylvanian), and consists chiefly of limestone and shale. 
In the section of the deep well at Bedford (Pl. XVIII, p. 1100) 
this stage is supposed to have a thickness of 722 feet, the total 
thickness of the Pennsylvanian being considered to be 1,300 feet. 
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UNDERGROUND WATER. 


SOURCES. 


Almost the entire water supply for Taylor county comes 
- either from surface sources (streams, cisterns, and artificial 
‘‘ponds’’) or from shallow wells sunk into the upper layer of 
drift or into the’valley deposits. Some wells have been drilled 
to the deeper parts of the drift and a few into the underlying 
rock strata, but the information concerning such wells is ex- 
ceedingly scant. Some have been finished successfully, but a 
large number were failures. Since no reliable and satisfactory 
deep-water bed has yet been discovered beneath this county, it 
_ seems advisable for domestic, stock, industrial, and even public 
purposes to seek to develop supplies near the surface. The 
method of boring a number of shallow wells of large diameter 
and connecting them at the bottom with drifts is being employed 
on stock farms with good results. 


CITY AND VILLAGE SUPPLIES. 


Bedford—tThe supply for the public waterworks in Bedford 
(population, 1,883) is from several wells of large diameter, 
located in the valley and sunk through about 28 feet of clay 
into a 10-foot bed of sand that rests upon limestone. The sand 
is saturated with water but it is so fine-grained and incoherent 
that there is difficulty in separating the water from it, and the 
total yield of the system of wells is consequently only about 
6,000 gallons a day, an amount that is entirely inadequate. The 
water is pumped into a standpipe and thence distributed 
through the mains by gravity pressure. <A 2,400-foot hole was 
drilled at Bedford (Pl. XVIII) without finding a satisfactory 
supply, and plans are now being considered for further develop- 
ing the supply from the bed of sand at present utilized, or for 
installing a filtration plant for purifying the river water. With- 
out much doubt the yield from the sand bed could be indefinitely 
augmented by boring more wells or in other ways increasing 
the infiltration surface. 


The well of the Bedford Developing Company is 2,400 feet 
deep and 10 inches in diameter to a depth of 2,008 feet. The 
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eurb is 1,098 feet above sea level and the head 265 feet below 
the curb. Water was found at 1,180 to 1,228 feet in sandstone; 
and water which had previously stood at 15 to 30 feet be- 
low the curb dropped to 90 feet. A strong flow of water was 
struck at 1,560 to 1,580 feet, water rising to a point 298 feet 
below the curb. Water struck at 1,920 to 2,005 feet rose to a 
level 284 feet below the curb and, after pumping test, to 265 feet 
(a pumping test at 2,009 feet gave 150 gallons a minute). Water 
was also struck at 2,020 to 2,168 feet. Driller, J. P. Miller Com- 
pany, of Chicago; date of completion, 1909. 

The water was too salty for drinking. In all tests the pumps 
drew fresh water for about 40 minutes until upper veins of un- 
certain location were exhausted. The water at 1,177 or 1,180 
feet, in the basal sandstone of the Pennsylvanian, was supposed 
by the owners to be salty, but by the drillers the salt water 
was located at the 1,580-foot vein. The test at the 1,661-foot 
vein also brought up water not fit for any city use. In order to 
test the lower water beds the well was reamed to 2,008 feet and 
a three-inch pipe was inserted and packed to this depth. The 
pumping test gave 100 gallons a minute through this pipe, but 
the water was extremely salty. It is much to be regretted that 
the water of the basal Pennsylvanian sandstone was not tested 
as to both quality and quantity. 

Record of strata of deep well at Bedford (Pl. XVIII, p. 1100). 














Thickness.|Depth. 





Pleistocene: Feet 
EPITCs NO + BRINDICR OT a TOCOlG se! cen sec ce ee ee ec ae ise aeeeenanss 38 
Oarboniferous: 
Pennsylvanian— 
Missouri stage (722 feet thick; top, 1,060 feet above sea level)— 
Limestone, light gray, nonmagnesian, soft; earthy luster; per- 
Ineated with minute ramifying, smooth- surfaced masses of calcite 
ete argillaceous, light gray, soft; earthy luster; and shale, 
Plast ep cea ee ere a 8 2 ae eae tee ote 
Shale, drab, unctuous, nontalcareous; 8 samples_-...-.-.----------- 
Shale; bluish drab, calesreous..- oo ee co wacaces 
Limestone, earthy, light biné-gray- >: ee ee ee 
Shale, drab, calcareous; 8 sampies..__.!--.. cok eae 
Limestone, light blue-gray, soft, argillaceous; “with shale_-------- 
Shale, drab, calcareous -.--..---— pe ee 
Limestone and shale: limestone, soft, whitish; ‘rapid ‘effervescence; 
' Dumerous Fusulina; encrinital; 5 samples eet antcanseecouske 
Limestone, light gray, soft, earthy; MaliGele Chertecnn 28525 et 
Shale, greenish drab; some limestone with crinoid stems_..-.---.-__ 
Shale, as above; some black, carbonaceous and a little blue-gray 
LirnestO 16) Lesa so ce es a ae a a a ee cc ee wbnite ald 
ep be light brown, white, gray, hard, compact; and greenish 
ghale 2.23. eetas te oc Saeco. cena 
Limestone; light blue-; “gray, argillaceous; “and light “yellow- “gray 
with crinoid fragments; gréenish shale..........--.-.-.-.-...--..... 


-_ 
ass 


— Pr 
oun 
p> 

o 








on oOo 
i 
~I 
a 


1184 UNDERGROUND WATER RESOURCES OF IOWA 


Record of strata of deep well at Bedford—Continued. 












































| Phiexness. Depth. 
Feet Feet 
Limeéstone,y yellow, eray.;, herds.co2 se. cone ae see eee eee eee 5 185 
Shale, dark brick- red, “calesreots’ | 2 samples: 2.2522. ee eee 10 195 
Shale; greenish drab, calcareous, siliceous; and ocher-yellow, hard, 
siliceous, edlenteous: 2 sampled.2.i..2 sku ete a, eee 10 205 ; 
Shale, hard, greenish drab; so highly siliceous with minute particles 
of quartz that it might be termed an argillaceous sandstone_--- 5 210 : 
Shale, greenish drab, plastic, pyritiferous; some hard, yellow, fos- - 
silifarous@liimestone ..502. 222-9) eee a ee eee 15 225 
Shale, blue-drab, soft, laminated; harder siliceous layers_--------- 25 250 
Shales drab; Waminateds (6 samplesze: coe one en eee 30 280 ‘ 
Shale, drab, with some laminae of black coaly shale__-------------- 5 285 
Shale; green: fossiliferous; 2-22. * eeaee 5 290 
Shale, green, fossiliferous; some drab limestone and chert_---.---__ 5 295 
Shale; shard: red; 2 samplesico oes oe ee ee eee 5 300 
Limestone, hard,. drab, with ishale: 22 2-2 at) ae eee 10 310 
Shaie, drab; .fossiliferous) Wess ano ee a eee ee noe nee 10 320 
Limestone, hard, fine-grained i siliceous soos sto Se ee 5 325 
Limestone, yellow-gray; and white, soft; earthy luster; 3 samples__ 15 340 
Shale, green and -black, carbonaceous... 2—. 2c dew nasa eee neeone ee 5 845 
Limestone, soft, yellow, macrocrystalline 10 355 
Shale, drab; 5. samples: 22.25.05 et se Se cake eae eee 25 380 
Shales drab; some drab limestones.2 see ee ee eee 5 385 
Shale, drab; with sand of flinty drab limestone___-___---___---_____- 5 390 
Shale, reddish; with dark green-gray argillaceous limestone____---- 5 395 
‘ Shale, red; a little brown siliceous limestone____-_-.-.-_-_-__--_----_-- 10 405 
Shale, drab: 4 samples i252 2 Aes See ee eae See 15 420 + 
Limestone, light yellow- -gray; crystalline in sand; 4 samples___---__-- 20 440 
Shale, greenish -drab —...c. estcek 2 een a ee 10 450 
Limestone, light yellow-gray; much shale___-__.__.--_-_-_---___-__---_| ets 455 
Shale, greenish: some drab limestone, flinty. 10 465 
Limestone, light: yellow-gray asec cena ee See ee 10 475 
Shale, wdrab:)4\saniples. 2. 5 ye fe eee 20 495 
Limestone, white: large fragments of shale 21 516 
Shale, drab; some black at 516, with limestone at 525; 19 535 
Limestone, white and: gray... eee ee eee 15 550 
Shale, black, fissile, combustible; and hard, gray limestone__--__-- 5 555 
Shale; dark dra So fo SS ee ee ee eee 10 565 
Shale, greenish; with white limestone in concreted powder-_--------- 5 570 
Sandstone, white; microscopic grain; calciferous; with shale_-___-_- 5 575 
Limestone. whitesand Wight eray <2 es ee eee 10 585 
Shale;. dark drabm22te a ee ee eee ee 5 590 
Limestone, hard;- gray, siliceous: shale. -22 222 soc eae ee eee 5 595 ’ 
Shale, “dark: drab. Sxtecee ee ee ee ee eee 5 600 
Limestone, yellow-gray, rather hard; much shale in large fragments 15 615 4 
Shale, dark drab; nodules and masses of gray chert---------_------ eb 630 
Shale, light. brown; caleareous == s220252 3-35 2a eee eee 5 635 
Shale, greenish; with gray limestone and chert_-.-_.--.--_------____ 5 640 : 
Limestone, 8ray } sMuCh SD Rle se = ene ee ccae eco ene ee eee eee 6 | 645, f 
Shale, drab; black at 645; gritty at 650 and 655; with limestone at a 
6705 sandy. at 670, 675,57 600, 4.00; coaly. at. (ost eae ae ee 65 710 a. 
Sandstone,. fine, vray;  Sisampless + ce ee eee 15 725 
Shale, dark-drab;. some: .black; sfissilec-s>-. + ~ -2 sl ae 10 735 
Limestone, (eTay,. finely “arenaceOusa---e--——=--—<0- 6. ee eee 10 745 
Shale, drab and reddish brown; 2 samples__-..-.--------------------- 10 755» 
Limestone,2lightenay (cc so See se er eee ee ee 5 760 
Des Moines stage (580 feet thick; top, 338 feet above sea level)— ~~ 
Shale, varicolored; highly arenaceous at 765 and 770; reddish brown 
at 785, 790, 940 and 1,065; black at 855, 1,045, 1,055 and 1,060______ 400, = 1,160 
Sandstone}.drillings. mostly shales2 ee eS eee 5 1,165 
Shale, black el ah ee eas hace a rate er se elt a ee See 15 1,180 
Sandstone, fine, white; much shale in drillings: 8 samples...225--5. 40 1,220 
SHBG oe onan eaten eee eee ano eeLe ee eee , 5 1,225 
Sandstone pea eo ecot a ee Se ak re ee eee 10 1,235 
Sandstone, in fine gray meal, the particles of which resemble flint 
macroscopically but are composed of minute quartzose grains with 
considerable yellow chert at 1,250, with considerable shale in all 
drillingss 40 samples. o 2) oes See ae ee ee ee 50 1,285 
Sandstone, clean, fine, yellow-gray, composed of minute irregular 
erains £6223 RV Ak 2s Ee ee ee ee eee 5 1,290 
Sandstone, coarser; some grains reaching 1 mm. in diameter________ 5 1,295 
Sandstone; 'ereen-eray; \fine-prained 222k s-)  e ee e 5 1,300 
Sandstone, yeVow-gray, coarser; grains irregular in shape and far 
from ‘unifor=** in slzes-- 2.222. 22te cee ee ee eee | 5 1,305 
Sandstone, fix tay; shale in drillings probably from above_-_-__ 35 1,340 
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Record of strata of deep well at Bedford—Continued. 





Thickness { Depth 








Mississippian (355 feet thick; top, 242 feet below sea level)— Feet Feet 
Limestone, gray; rapid effervescence__........._.---.-------_-_----------- 5 1,345 
Limestone, yellow-white, soft; earthy; 4 samples_.--...-.._..-__.-----__ 20 1,365 
Limestone, gray, rather’ hard, conchoidal fracture; lithographic texture 15 1,380 
Limestone, soft, gray, earthy, ATRIIBCEOLEs ee wee co 20 1,400 
Limestone; as above; and gray, fine-grained sandstone__.-._-....-__-- 5 1,405 
Eimestonés lie bthadrab,, arcillaceous= ees ee eee 20 1,425 
Limestone and chert; drillings largely chert and chalcedonic silica__._- 10 1,435 
Limestone, drab; less CHSIDCMOM Vy eens te ee eee he ee 5 1,440 
Chert, white and gray; in places brown, and limestone, often siliceous; 

17 samples eee Be ee es WO A ee ce eee eae 85 1,525 
Limestone, s0tt,.atay, eureny.) a. little, Ghert..-.--.-—-. 2. .-cencun 5 1,530 
Limestone, soft, white and light gray; saccharoidal; some chert----.- 5 1,535 
Chert and limestone; limestone nonmagnesian; 14 samples__.-.-_-.---_- 85 1,620 
Limestone, buff; slow effervescence; much gray chert..---..-.-.--------- 5 1,625 
Limestone, brown; moderate effervescence 2 Sa Te es eels ee 5 1,680 
Limestone, brown; rapid effervescence, calcite crystals__ ae 15 1,645 
Limestone, gray, oolitic; rapid effervescence; 4 samples__.-____--__----__ 20 1,665 
Shale, blue, fine-grained, gritless, calcareous; in concreted powder; 6 

SATID Ss (RO Or NOOK 1 ye ae ad eo oe eee aweoeseanesen 30 1,695 

Devonian (130 feet thick; top 597 feet below sea level): 

Limestone, light gray; rapid effervescence ..--_-. scam 10 1,705 

Limestone, light blue-gray, compact, fine-grained; in thin flaky “chips Cees 10 1,715 

Limestone, yellow; in sand; rapid pilex vestence es on ee 15 1,730 

Shale, drab, clayey, highly CBICATEOUSs estat oon te ds taken ce coer anaes eae 6 1,735 


Limestone; white and mottled gray at 1,735; gray from 1,740-1,755; buff 
at 1,755 and 1,760; light gray, subcrystalline, dense at 1,765 and 1,770; 


BIOL TAD GlrerveseanCr ate. cae toe ee ae eS ee oe ak 40 1,775 
Shale, or highly argillaceous limestone: gray, in nonconcreted powder___- 10 1,785 
Limestone, buff; in fine meal; rapid effervescence.___.______.._--.----___--.- 15 1,800 
Limestone, gray; in fine meal; rapid effervescence; argillaceous at 1,810; 5 

BB TID ON pacar ete be ecletiad aterm me cainen atcataecins Cemotee spe sesmeccue 25 1,825 


Silurian (575 feet thick; top, 727 feet below sea level): 
Limestone and shale; limestone, gray in meal, rapid effervescence; shale, 
brick-red, highly pyritiferons, in fine meal and powder not concreted; some 
fine ill-rounded quartz grains at 1,830; color of mass of drillings, brick-red 20 1,845 
Limestone, yellow; drillings pink from admixture with fine meal and powder 
of red shale, probably from 1,825; limestone in meal and sand, crystal- 
line; rapid effervescence; some irregular rounded quartz grains in drill- 















ings which also may be from above; 14 samples__--.-.-_-.__-__----_------- 70 1,915 
Dolomite, dark gray; in fine crystalline meal; some calcite__.-..--__------ 20 1,935 
OOO TCG SOUL ie aig ree cara ee ea ene 10 1,945 
Dolomite, dark gray, argillaceous_..--_._.__._._. NS 2 Se Se ee te ee 5 1,950 
Mnknown? Grilings *:washear AWAY ss soso o ee ee ee a eee aeee: 20 1,970 
Dolomite; light: brown; in) crystalline meal... <2 ek ele Seas 
Marl, in ‘ane white powder, not concreted; calciferous, argillaceous; large 

amount GET BUNG OTIS, < erewe toe ca cata coord wake ink on te cer en Sebwedndaeasoene 4 2,009 
Dolomite, as at 1,970; calcite rhombs and a few crystals of anhydrite______ , 6 2,015 
Dolomite. light yellow; in finest. crystalline meal; numerous crystals of 

MLTRINY LTTE eo Fal crete ee re ne ee nce a bececercnaneadanese 20 2,085 
Dolomite, light brown; in floury meal; residue of anhydrite__.-------_---_. 35 2,070 
Dolomite, light greenish gray, argillaceous; much anhydrite and dolomitic 

SN yl pe A ae a a ea, , oe ans ae a 5 2,075 
Dolomite, light gray, less argillaceous; considerable anhydrite____._.---__ 10 2,085 
Dolomite, bright yellow; in meal; considerable anhydrite__.-.___--.-___-_-.- 15 2,100 
Dolomite, brown; in coarser hopeless. a pee ee lee ee nee 5 2,105 
Dolomite, light brown; in much finer meal; anhydrite rather plentiful____|...__--_-___- 2,105 
Limestone; somewhat magnesian, judging from effervescence; light yellow 

and buif; argillaceous; some anhydrite in drillings__--..--.-.-__--____.--- 15 2,160 
Dolomite, buff; in fine crystalline, sparkling meal___---.-__--__--_-_-._.___ 8 2,168 
Dolomite, light gray, argillaceous; in finest powder, not concreted____--_ 2 2,170 
Dolomite; in fine brown or yellow meal, not concreted; some anhydrite___- 85 2,205 
Anhydrite marl; in light cream-colored or whitish powder; 10 samples_-.__- 55 2,260 
Anhydrite marl; in bright buff powder; dolomite..._.-.-...-_.-___.-_____- 20 2,280 
Anhydrite marl > cream-coloreds).9 samples. os nk 45 2,325 
Dolomite and anhydrite?.in fine’ buff meal_-* 2.22 ss ks 15 2,340 
Anhydrite marl, argillaceous; in yellow powder__--.--__-..-._-._.-_---.-.-.- 10 2,350 
Shale, slightly caleareous and gypseous; in gray powder. = 5 2,355 
Dolomite, light: butt sin fine; mealies : 5 2,380 
Shale, calcareous; in gray powder. a oars nis me 5 2,365 
Maomite; | ins: fine MDUll- Meal ees aoe e a Seeane ene ee eae eta oecas 5 2,370 
Limestone, magnesian, or dolomite; in gray powder and meal; residue ar- 

gillaceous and cherty and with considerable anhydrite_....’.-_..______- 15 2,385 
Dolomite, buff; in® angular \sands 23-23 — a es 10 2,395 
Shale, calcareous; considerableanhyarite” 2.225022 ase ee 5 2,400 
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Analyses of drillings from Bedford deep well.a i iy . 
€ : - ry 


Depth. \ a 




















58.80 58.23 36.07 
44.18 87.38 11.63 8.12 
ewer eo ce eee | ome: wamonee one | f 82.92 76.53 x 

Soo oe eececce . 34 61 
eyelet nd 2.02 82 2.72 
Sateeeeeen| sancunecatee 6.10:/_ 
-—nanecens . - 11.63 (1.29 | 
Seo cca 1.68 2.48 3.73 
eras ar 89 99,70 Sia 
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®Made in chemical laboratory of Cornell College, Mount Vernon, lowa. ‘ _ 
. Fl . ie P 


INDEX 


IADDOLE OS Well) NCAP S ssicc ce re scale ove 
Abingdon, wells at........... 655, 658 
Ackley, geology at, 75, 77, 87, 89, 
93, 95; wells at and near, 835, 
848, 853; plate showing, 310; 
rock from, analyses, 850; 
water of, quality, 186, 187, 188, 
208, 277. 

Acknowledgments to those aiding, 

Ag oO CC TER) ORO 45, 47 

Adair, wells at and near, 
931. 

Adair county, city and village sup- 
plies, 930; geology, 928; 
springs, 929; topography, 49, 
928; underground water, 929; 
wells, 929; water of, quality, 
200. 

Adams county, city and village 
supplies, 1112; flowing wells, 
1112; geology, 1111; springs, 
1112; topography, 1110; un- 
derground water, 1111; wells, 
1111; water of, quality, 203. 


AGO RLOLEGASL LOL cis ic's. cis eis.cfs 3c 410, 00 

Aron, water SUpDIY ates os. .ae5.- 

Aftonian gravel, occurrence and 
character, 102; water in, 133. 
See also particular county de- 
Scriptions. ‘ 

Afton Junction, geology at....... 

IAS ONY, WeIlIS, NGAI... «= c-02 x0 sis «1s 

Ainsworth, water supply at...... 
Wellssat’ and \Nearccd. ss cs..10' 

PAU TL Us USC (Ole a stelertabee o70t4 elelieie 

Akron, geology near, 1075; spring 
near, 1075; water supply at, 
1075. 

Albert City, wells at, water of, 
PUTTY OL cies asl sissies Oa. s. stallere sie 

Albia, geology at, 928, 977; water 
supply at, 979; wells at and 
near, 977, 979. 

PATDIOM ee WIIG) TCAls «cm. siclee + 6 874, 881 


825 
989 


990 
728 
742 
748 
148 


177 





AIDUGNEUES  WelIB? Ble cies ccc clei ere 

LOS MEWVCLIB MAL e sc hale cic s-sheteis Stele istece 

Aledo, Ill., geology at, 69, 613; 
well at, record of, plate show- 
ing, 618. 

Algona, wells at and near, 744, 
786, 788, 790; water of, qual- 
ity, 171, 206, 208. 

Algonkian rocks, occurrence and 
character, 67, 68, 750, 1094. 
Allamakee county, city and village 
supplies, 294; flowing wells, 
288; geology, 71, 75, 77, 283, 
290; springs, 113, 292; topog- 
raphy, 50, 281; underground 
water, 280, 287; wells, 114, 
287, 294; water of, quality, 

168, 270. 5 

Allison, water supply at......... 

Alluvium, occurrence and charac- 
ter, 104; water of, 135; use 
of, for water supplies, 213. 

PA Tae WOLIS, OG, ocistetslaiteheushels ene sfere 

Alta, water supply at, 1011; wells 
at, water of, quality of, 177. 

Alton, water supply at.......... 1090 

Alvord, water supply at.......... 1053 

Amana, wells at, 480; water of, 
head, 155; quality, 181, 183, 
206, 209, 274, 481. 

Amber, wells near.............+3- 

American Railway, Engineerin 
and maintenance of Way Asso- 
ciation, standard of quality of 
Water vObn eons cicatt vis ccsee sale 

Ames, geology at, 42, 45, 76, 77, 89, 
91, 95, 98, 811; wells at, 111, 
148, 902, 904, 905, 906, 913; 
plate snowing, 458; water of, 
quality, 186, 189, 208, 270, 271. 


Amer welll catir cave deci sstleme ae 529 
Ammonia in deep waters, cause of 160 


Analyses, form, 160; nature, 159; 
recomputation, 162; logar- 
ithms for, 164. 


757 


519 


241 
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Anamosa, geology at, 73, 74, 75, 79, 
85, 87, 520; wells at, 110, 520; 
plate showing, 424; water of, 
head, 142; quality, 183, 208, 
520. 
Angus, well near. ser s ate oie 822 
Anita, wells at, 1119, 1124; water 
of, quality, 203. 
Ankeny, wells at and near...889, 899 
Anthon eawellsmet-et emer. sae 1098, 1099 
Aplingeton,” Welle wanes ate ss © wi» 2 slate 755 
Appanoose county, city and vil- 
lage supplies, 934; geology, 
932; topography, 49, 932; un- 
derground water, 933; wells, 
199, 934; plates showing, 448, 
814; water of, quality, 201. 
Aquifers, overdraft on........... 152 
Aquifers, Iowa, relative heads, 
141; texture and _  0»porosity, 
150; thickness of, dependence 
of yield on, 149. 


Arcadia, wells near ..S. . 6 oan. sei 1026 
Archean rocks, occurrence and 

CHAPACTORSB eters so tis cis ateieuee 68, 750 
Arey, M. F., county descriptions 

DY ciities Glens s « sale Doe, UO! 
Arey, M. F., and Norton, W. H., 

county descriptions by....... 301 
APPANG re WElIB Ara vete ree col ojos) sistaterspe 517 
Arion, water supply at.......... 1038 


Arlington, water supply at, 396; 
wells near, 394, 401. 


Armstrong, water supply at...... 1044 


Artesian field, geologic conditions 
in, 106; location of, plate 

showing, in pocket. 

Artesian phenomena, discussion of 138 

Artesian water, definition, 138; 
depth, 106; discrimination of, 
from other ground water, 31, 
105; distribution, See Wells; 
head of, definition, 138; fac- 
tors affecting, 139; measure- 
ment, 139; plate showing, 
pocket; possible pollution of, 
by surface drainage, 226; qual- 
ity. See Water, chemical com- 
position; relation of, to geol- 
ogy, 108; rocks carrying. See 
Aquifers. See also Flowing 
wells; Wells; Water. 

Ashton, water supply at........ 1066 


Atalissa, springs near, 562; wells 
at, 570; 571. 

ATKING *WelIS Mat. 5 once ie sters wie eres 429 

Atlantic, geology at, 99; wells at 
and near, 1119, 1124; water 
of, quality, 203, 264. 


Attica, geology near. cc. ser eee 

Audubon, geology at, 1115; water 
supply at, 1116; water of, qual- 
ity, 202. 


' Audubon county, city and village 


supplies, 1116; geology, 1114; 
topography, 1114; under- 
ground water, 1115; wells, 
1115; water of, quality, 202. 

Augusta, springs at, 676; wells at 
and near, 639, 640. 

Aurelia, wells at and near, 1029; 
water of, head of, 1011, 1029; 
quality of, 175, 177. 


Austinville, wells at and near... 
Avery; wells. near...: «2: .timasuiesene 
Avoca, water) supply at-2o..eeee 


Ayrshire, water supply at, 1068, 


1070; water of, quality of, 
a Urarg 
B 
Bagley, water supply at, 837; 


water of, quality, 190. 
Baldwin, wellsat:....-.ecser 490, 
Bancroft, wells at, 789, 791, 792; 

quality, 166, 171, 275. 
Bankton, geology near.......s.c86 
Baraboo, Wis., geology at........ 
Baring, Missouri, wells at....619, 
Barnum; well near... 2.0. eee 
Basal sandstone, correlation of... 
Batavia, well atic... os csanteee 
Battle Creek, water supply at, 

1047; wells at, water of, qual- 

itv, 178. 

Bayard; -well’ near... ... <9 semaine 
Bedford, geology at, 45, 91, 95, 98, 

925, 1100, 11038, 1108, 1109, 

1162; wells at, 122, 126, 128, 

1182; plate showing, 1100; 

rock from, analyses, 1186; 

water of, quality, 123, 198, 204, 

206, 271, 272, 1108. 


Belfast, springs at, 676; wells at, 
688. 


Belle Plaine, flowing wells at and 
near, 131; geology at, 43, 79, 
82, 89, 93; wells at and near, 
421, 426, 429; plates showing, 
420, 458; water of, quality, 

_ 181, 188, 182, 208, 275, 430. 

Belle Plaine artesian basin, de- 
scription, 426, 577, 615. 

Bellevue, geology at, 83; springs 
near, 493; wells at and near, 
493, 497, 503. 

Belmond,.wells at, 808; water of, 
head, 782, 806; quality, 173. 


755 


831 


mBenmvan, wells Near... <...ds oes 

Benton county, city and village 
supplies, 429; geology, 423; 
springs, 424, 425; topography, 
422; underground water, 424; 
wells, 424; water of, quality, 
182. 


INDEX 


Bernard, WelIS* ats sts custom's eale we 389 
eeriram, Wels sates ens sta tesetels ¢ 545 
Bethany limestone, occurrence of 
eee aa dia'w ane ota eacdaes 1108, 1109 
SCLLENGOLL, WEIS Ofc icteicr careers oie 592 
Beyer, S. W., on Story county... 905 
Big Rock, geology near, 590; wells 
at, 605. 
Birmingham, wells at........... 719 
Black Hawk county, city and vil- 
lage supplies, 306; geology, 


303; springs, 304, 306; topog- 
raphy, 301; underground 


water, 303; wells, 160, 303; 
water of, quality, 169. 
Blairsburg, well near............ 845 
Blairtown, wells at........... 432, 438 
Blakesville, well near............ 728 
Blencoe, well near... <0. cp ev...» 1056 
Bliedorn, wells near............. 458 


Bloomfield, geology at, 45; wells 


at, 623; water of, quality, 
195. 
Blue Grass, wells at............ 
Bluffton, springs near, 412; wells 
at, 417. 


Boilers, corrosion in; causes, 256; 
interpretation of analyses in 
regard to, 258; nature of, 255; 
water softening in, 247. 


Boiler scale, composition, 244; de- 
position, 242; prevention, 247; 
properties, 245. 

Boiler water, improvement, 247; 
requirements, 241; scale-form- 
ing powers, 246. 

Bonaparte, water supply at.....: 

Boone, flowing, wells at, 815; geol- 
Ony) at, (3, (4416; 1¢> 09, oa, 
85, 89, 91, 95; 98; wells at and 
near, 110, 147, 158, 813, 815; 
records of, plates showing, 
458, 814; water of, quality, 
189,. 208, 270, 277, 815. 


Boone county, city and village 
supplies, 815; flowing wells, 
815; geology, 813; ‘springs, 
815; topography, 813; under- 
ground water, 814; wells, 814; 
water of, quality, 189. 


605 


717 


‘ Bremer county, 
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Braimards WellSwateree crete tireie nis 399 
Braydon, well near.........02..- 1124 


buried channel, 
315; city and village supplies, 
319; geology, 312; topography, 
312; underground water, 312; 
wells, 314; water of, quality, 
169. 

Bremer “River,” buried channel of 315 
Bridgewater, wells at and near, 
931; water of, quality, 177. 
IBPIGTOW FE WElIS TAL. weeks scare stele 
Britt, wells at, 780, 782, 783; water 

of, quality of, 172. 
Brompton, wells near............ 
Brooklyn, wells at and near, 577, 


758 


978 


585; water of, quality, 181, 
1838, 278. 
Brooks, wells at......-...ceces+s ,. 1113 
Brookville; well at... .....s..s05 657 - 


Browns, geology at, 456; wells at, 
473, 474; water of, quality, 
184. 

Bryant, geology near, 457; wells 
at, 4738, 475. 


Buchanan, wells at.............. 447 
Buchanan county, city and village 
supplies, 337; geology, 103, 


333; springs, 336; topography, 
333; underground water, 334; 
wells, 160, 335; water of, qual- 
ity, 169. 

Buchanan gravel, occurrence and 
character, 303, 409, 423, 506, 
871, 901; water. in, 134, 303, 
334, 424, 507, 575, 753, 872. 


Buckeye, wells near.......-- 847, 853 
Buckingham, wells at, water of, 
quality Of..........seseeeeee 182 
Buckley, wells at.........+++-++> 821 
Buena Vista, wells at..........-- 473 
Buena Vista county, city and vil- 
lage supplies, 1011; geology, 


49, 1009; 
1009; 


1009; topography, 
underground water, 


wells, 1009; water of, head, 
1010; quality, 177. 
Buffalo, wells at......-.sseeeeees 605 
Buffalo Center, wells at, 800; 
water of, head of, 791, 799. 
Bunnell, F. O., aid of...........- 47 


Buried river channels, description 
of, 315, 455, 457, 488, 505, 518, 
537, 587, 629, 642, 674, 705, 
992. See. also Bremer chan- 
nel; Stanwood channel, Cle-’ 
ona channel. 
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Burlington, geology at, 70, 76, 77, 
81, 84, 86, 92, 94, 95, 619; wells 
at, 619, 630, 632; plates show- 
ing, 618, 626; water of, head, 
140, 142, 155, 619; quality, 125, 
192, 1938, 195, 206,- 208, 270, 
272. 

Burlington limestone, occurrence 
and character, 96, 648, 651, 
672, 694, 715; springs from, 
127, 6381; water in, 127, 629, 
644, 675. 

Burt, wells at,.793; water of, head, 
791, 793; quality, 171. 

Bussey, wells at and near....713, 

Butler county, city and village 
supplies, ‘757; geology, 749, 
752; springs, 756; topography, 
751; underground water, 753; 
wells, 160, 753; water of, qual- 
ity, Lie: 

Buxton, geology near, 975; water 
supply at, 979. 


Cc 


Cairo,\well meatiee. onacs os. sheen 
Calamus; Welleatte, oe cecscc cornet 
Calcic carbonated alkaline waters, 
distribution and character of. 
Calcic sulphated alkaline-saline 
waters, distribution and char- 


Calhoun county, city and village 
supplies, 1014; flowing wells, 
1014; geology, 1013; springs, 
1014; topography, 1013; un- 
derground water, 174, 1014; 
wells in, 1014; water of, qual- 
ity, 174, 178. 

Calmar, wells at, 411, 413; plate 
showing, 280; water of, head, 
143; quality, 168, 206. 


Calvin; Samel4 shee 32, 285, 
Cambria, wells at, water of, qual- 
Ity MOL.k She ooo. wot One eee 


Cambrian rocks, occurrence and 
character of, 67, 71; springs 
from, 116; water in, 107, 110; 
quality, 118. See also Jordan 


sandstone; St. Lawrence for- 
mation. 
Cambridge, wells at.......... 902, 
Canby, well near... 2. oss6kocos 
Canoe, awellsuatc.% 1.5 aceecicn tei ce 


Cantril, wells at and near, 719; 
wells at, water of, quality, 
195, 274. 

Carbon, springs near, 1112; wells 
near, 1113. 
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477 


275 


274 


333 


201 


905 
931 
417 








Carboniferous rocks, occurrence 
and character, 67, 94; water 
in, 126; quality, 130. See also 
Mississippian rocks; Pennsyl- 
vanian rocks. 

Carlisle, wells at, water of, qual- 
ity 

Carpenter, wells at, water of, qual- 
ity, 

Carroll, wells at and near, 1024, 
1026; water of, quality, 179. 

Carroll county, city and village 
supplies, 1024; flowing wells, 


eoeree eee eee eee ose se eeseseees 


ee eee e ee eereeeeeeoe eee eee ee 


1024; geology, 1023; springs, 
1024; topography, 49, 1022; 
underground water, 1023; 
wells in, 1023; water of, qual- 
ity, 179. 
Carson, water supply at......... 1 
Cascade, water supply at........ : 


Casings, well, corrosion of, causes, 
236; defects, 108, 153; effects 
of mineral water on, 234; life, 
108; materials, 235; neces- 
sity, 145. 

Cass county, city and village sup- 
plies, 1119; geology, 1117; 


200 
172 


springs, 132; topography, 1117, ~ 


underground water, 1118; 
wells, 1118; water of, quality, 
203. 
Castalia, wells. at... ...22 jeanne 
Castana, water supply at and 
neari-if fee. tena eee 1057-1 


Cedar county, city and village 
supplies, 447; geology, 440, 
613; topography, 439; wells 
in, 443; plates showing, 448, 
458; water of, quality, 184. 

Cedar Falls, geology at, 306; 
springs at, 125, 306; wells at, 
306, 307. 

Cedar Rapids, geology at, 70, 72, 
75, 85, 89; wells at, 110, 234, 
421, 539; plate showing, 458; 
water of, head, 155; quality, 
of, 150, 180, 182. 

Cedar river, description, 301, 312; 
water of, quality, 232. 

Cedar Valley limestone, distribu- 
tion of, map showing, Pocket; 
occurrence and character, 92, 
308, 334, 423, 508, 534, 559, 
752; water in, 303, 336, 425, 
753. See also Devonian rocks. 

Center Junction, wells at and 
NOAM: 3 ois a stews wee eeeetehe ss 523, 

Center Point, geology at, 533; wells 
at, 545. 


059 


530 


Centerville, geology at, 76, 77, 89, 
92, 98, 675, 924, 1002; wells at, 
122, 158, 934; plates showing, 
448, 814; water of, head, 142, 
934; quality, 201, 206, 208, 234, 
272, 925, 937. 

Central City, geology at, 538; wells 
at, 543. 

Central district, counties in, 811; 
counties in, descriptions of, 
813-922; geology of, 811; loca- 
tion of, map showing, 165; pre- 
cipitation in, 62; well waters 
of, 811; quality, 186, 205, 211, 
812; map showing, 165. 


Centralia, wells near... . 2.0.2... 

Cerro Gordo county, city and vil- 
lage supplies, 760; flowing 
wells, 761; geology, 92, 749, 
759; topography, 759; under- 
ground water, 759; wells, 
759; water of, head, 760; qual- 
ity, 172. 

Chadbourn, W. H., aid of....... 


Chariton, geology at, 928; well at, 
453, 954. 

Chariton conglomerate, correlation 
of 

Charles City, geology at, 74, 75, 82, 
83, 85, 87, 88, 770; precipita- 
tion at, 64; temperature at, 
61; wells at, 771; records of, 
plates showing, 280, 324; rock 
from, analyses of, 773; water 
of, head, 771; quality, 173, 
206, 208; yield, 148. 

Charleston, wells -ate.2. ccc. ook 

Crarlotte,— wells) ates i. aces cts oles 


Charter Oak, wells at and near, 
1038; water of, quality, 179. 

Chelsea, wells at, 613; water of, 
quality of, 182, 275. 

Chemical investigation of well 
waters, scope of............. 

Cherokee, geology at, 84, 86, 1005; 
wells at and near, 126, 1006, 


eeeceoeeeeesse eee ee eee e eee eee 


1027, 1029; plates showing, 
310, 1006; rock of, analysis, 
1032; water of, head, 1029; 


quality, 177, 274, 1032. 


Cherokee county, city and village 
supplies, 1029; geology, 1027; 
topography, 1027; under- 
ground water, 1027; wells, 


1027; water of, head, 1028; 
quality, 177. : 
Chester, flowing wells near..... . 
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47 
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46 








Chickasaw county, city and village 
supplies, 341; geology, 339; 
springs, 341; topography, 339; 
underground water, 340; wells, 
160, 340; water of, quality, 
169. 

Chillicothe, Missouri, geology at.. 

Church we wells iat’. iecats coe aes cies 

Churdan, wells. near;.:.......... 

Cities, water supplies of......... 
See also particular cities. 

Clarence, water supply at....... 

Clarinda, geology at, 1100; wells 
at, 1155, 1156; water of, qual- 
ity, 204. 

Clarion, geology near, 804; wells 
at and near, 805, 808; water 
of, head, 806; quality, 173. 

Clarke county, city and village 
supplies, 841; geology, 939; 
springs, 130, 941; topography, 
939; underground water, 939; 


wells, 939. 
Clarkesville, spring at, 757; wells 
AL MANGMNCAT eens swie ces © 754, 
Clay .county, city and village sup- 
plies, 1035; geology, 1033; 
topography, 1033; under- 
ground water, 1034; wells, 


1034; water of, quality, 177. 
Clayton, water supply at........ 
Clayton county, city and village 

supplies, 350; flowing wells, 

348; geology, 71, 75, 86, 343; 

springs, 349; topography, 50, 

342; underground water, 346; 

wells, 114, 115, 116, 119, 280, 

346; water of, head, 347, 348; 

quality, 169. 

Clear Lake, water supply at..... 
Clemons, wells at and near..... 
Cleona channel, description of.. 
Clermont, springs and wells at 

bd, eR Se eg eae ee a eine A Ses 399, 
Climatenreharacter VOL oa. sie aie aie 
Clinton, geology at, 83, 85, 420; 

wells at, 158, 458; plate show- 

ing, 458; water of, head, 140, 

155; quality, 180, 184, 206, 208. 
Clinton county, city and village 

supplies, 458; geology, 87, 454; 

springs, 458; topography, 454; 

underground water, 455; wells, 

122, 455; plate showing, 458; 

water of, quality, 184. 
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926 
299 
831 
214 


447 


757 


350 


760 
874 
587 


403 
59 


Clogging of wells, causes of, 152, , 


219; 
222. 

Clutier, wells at, 613, 617; water 
of, quality of, 182. 


remedies for, 152, 153, 
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Coal Measures. See Pennsylvanian 
rocks. 

Coggon, wells at and near... .368, 543 

Coggon beds, occurrence and char- 


ACCEL VOL Mickie atekaretee Ghar enes coer 534 
Coin, swell vat / iis sie a tele ete 1158 
Colesburg. swells vate ce wate ks 368 
Colfax, mineral wells at, 858; 


wells at, 863; water of, 267; 
quality, 186, 191, 267, 274, 863. 
Collins, wells at and near....905, 913 
Colo, wells at, water of, quality... 189 
Colorado stage, distribution of, 

map showing, pocket; occur- 

rence and character of, 100. 

See also Cretaceous rocks. 
Columbia, wells at, water of, qual- 

Toy OTE ee cis es SOLS ete 200 
Columbus Gity,-well ates. ae. esc 703 
Columbus Junction, geology near, 

693; water supply of, 698. 


Columnar section, plate showing... 66 
Comanche; swells at. 2.2. .easens 473 
Compton, “wellsmat... ceca se. ete 368 
Conesyille:wells@at.< ota. estes 570 
CONOVOT; WOLD ee.cele > co's siteres 417 


Coon Rapids, water supply at....1025 
Cooper, wells at, water of, qual- 
LEY Obs Sees ete is as 6 eleven ede 189 
Goralvilles swells Gate. ces ess oc eo 508 
Corning, water supply at, 1112; 
water of, quality, 203. 
Correctionville, wells at and near, ~ 
aie ad's 5:8 CoE Eee 1098, 1099 
Correlation, methods of.......... 40 


Corrosion. See Casings; Boilers. 

Corwith, water supply at, 783; 
wells at, water of, head, 782, 
791, 806; quality, 172. 

Corydon, geology at, 928; water 
supply at, 1003; wells at, 1001. 


Cottaze; vwells pueares alee eee 847 

Gotternswellecat wesc. tees 700, 703 

Cottonwood, wells at and near 
Re ee SERS aoa iebersSi 688, 692 


Council Bluffs, geology at, 91, 1100, 
1161, 1164; wells at, 126, 128, 
1103, 1161, 1164, 1167; water 
of, head, 155, 156; quality, 197, 
202, 1165, 1167. 

Counties, selection of, as units of 
investigation aaah eee 32 


Country rock, waters of, dis- 
crimination of, from artesian 
WaALGEA. Se leone ates eee se ae 31, 106 

Covington, wells at, water of, 
qualityofi, 3. acto. 122, 183 

Cranston,’ wellsvate.sen eee one 570 





Crawford county, city and village 
supplies, 1037; geology, 1035; 
springs, 1037; topography, 
1035; underground water, 
1036; wells, 1036; water of, 
quality, 179. 

Crawfordsville, wells at.. ..@2008. 
Cresco, wells at, 406; water of, 
head, 406; quality, 168. 
Creston, geology at, 928; water 

supply, 990. 

Cretaceous rocks, occurrence and 
character, 68, 100, 827, 836; 
springs from, 132; water in, 
107, 132, 836; quality, sis2e 
See also Dakota sandstone; 


Colorado group; particular 
county descriptions, pp. 1005- 
1186. 
Crevices in rocks, water supply 
GUC tO ...600s cess oe elem 
Croton, springs and wells at..... 
Crystal, wells “at. .oca... ciccrteeniere 


Cylinder, wells at, 1069; wells at, 
head, 1070. 


D 


Dahlonega, wells near........... 


Dakota sandstone, distribution of, 
map showing, pocket; occur- 
rence and character, 100, 929; 
springs from, 132, 929; water 
in, 107, 132, 929; quality, 119, 
132, 1052, 1111. See also par- 
ticular county descriptions, pp. 
1005-1186; Cretaceous rocks. 

Dallas, geology near... o...sseeeee 


Dallas county, city and village 
supplies, 826; flowing wells, 
823, 825; geology, 822; springs, 
824; structure, 812; topog- 
raphy, 822; underground. wa- 
ter, 823; wells, 813, 823; wa- 
ter of, quality, 190. 

Danville, geology near, 629; wells 
at and near, 639, 640. 

Davenport, geology at, 81, 91, 594, 
618; precipitation at, 64; tem- 
peratures at, 61; water supply 
at, 593; wells at, 421, 591, 596; 
plate showing, 618, 812; water 
of, head, 140, 142, 143, 156; 
quality, 115, 180, 185, 208. 

Davenport beds, occurrence and 
charactér 7%. 2. sca eeee oe 535, 

Davidson, G. M., aid of, 47; soften- 
ing apparatus devised by, 251. 
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559 
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Davis county, city and village sup- 
plies, 623; geology, 621; topog- 
raphy, 621; underground wa- 
ter, 622; wells, 622; water of, 
quality, 195. 

Dayton, geology at, 95, 98; wells 
at, 916, 922; plate showing, 
814; water of, quality, 188, 208. 

Decatur county, city and village 
supplies, 947; geology, 942; to- 
pography, 49, 942; under- 
ground water, 944; wells, 944; 
water of, quality, 201, 945, 948. 

Decorah, springs near, 412; wells 
at, 411, 415; water of, quality, 
168. 


Decorah Ice Cave, description of.. 


Decorah shale, distribution of, 
map showing, pocket; occur- 
rence and character, 83, 344, 
375, 408, 1107, 1109; thickness, 
85, 619; water in, 114. 

Deep River, wells at and near, 578, 
585; water of, quality, 183. 


Delaware county, city and village 
supplies, 364; geology, 359; 
, Springs, 122, 363; topography, 
359; underground water, 360; 
wells, 160, 360; water of, qual- 
ity, 169. 

Delhi, springs at and near, 364; 
wells at and near, 361, 368. 


MOAT: WElLIS AL. < ccterciste «ote ars 471, 

Delta, section at, 663; wells at, 668. 

Demarcation of formations, diffi- 
CUITICR: Oo wie ot attiete srarsrateusiels’« pole 

Denison, wells at and near, 1037, 
1039; water of, quality, 179. 

Denmark, wells at and near. .671, 

Denver, geology near, 312; wells 
NOLs oso: 

Derby, spring near, 954; 
near, 955. 
Des Moines, flowing wells at, 888, 

899; geology at, 73, 76, 77, 80, 
82, 84, 89, 90, 99, 750; precipi- 
tation at, 64; temperature, at, 
61; water supply at, 889, 899; 
wells at, 126, 147, 158, 890; 
plates showing, 626, 812, 814; 
water of, quality, 190, 206, 208, 

267, 270, 890. 

Des Moines county, city and vil- 
lage supplies, 632; flowing 
wells, 629; geology, 618, 626; 
springs, 631; topography, 625; 
underground water, 627; wells, 
629, 631, 632; water of, qual- 
ity, 195. 


wells 


INDEX 


412 


474 


43 


690 


Des Moines stage, distribution of, 
map showing, pocket; flowing 
wells, 128; occurrence and 
character, 98, 506, 576, 622, 627, 
705, 723, 784; springs, 129; 
structure, 1108; water in, 128, 
576, 707. See also Pennsyl- 
vanian rocks; particular coun- 
ty descriptions, 811-1186. 

Des Moines river, water of, qual- 
LEV iPr dette, etehcs 6 Mies sista a eee 

Devonian rocks, occurrence and 
character, 67, 92, 749, 1007, 
1102, 1109; springs, 124, 395; 
structure, 618, 750; water, 
£2355 11103 ‘quality; 119,; 125. 
See also Sweetland Creek 
shale; Lime Creek shale; Ce- 
dar Valley limestone; Wapsi- 
pinicon limestone; 
county descriptions. 

DeWitt, springs near, 458; wells 
at, 457, 471, 478; plate show- 
ing, 458; water of, quality, 185. 

Diagonal, wells at, 985; water of, 
quality, 201. 

Dickinson county, city and village 
supplies, 1041; geology, 1040; 
topography, 1039; underground 
water, 1040; wells, 1040; wa- 
ter of, quality, 176. 

Dike, wells at, water of, quality.. 

DIPMcOrrel ation ~Dy. + actemtes Sole on 


Districts, division of state into, 
MAD MSNOWINR ee soe eee eee 


Dixon, geology near, 590; wells at, 
605. 


Dodgeville, geology near........ + 


Domestic water supplies. See mu- 
nicipal and domestic supplies. 


Donahue, water supply at........ 
Donnanyewellss auc. ssacowte sas 


Doon, water supply at, 1053; wells 
at, water of, quality, 176. 


Dorchester, springs near, 293, 299; 
wells at and near, 299, 300. 


Douds Leando, wells at.......... 


Dougherty, wells at, 761; wells at, 
water of, quality, 172. 


Dowelass, Wells ates sae cree ole 
Dow City, wells at and near...... 


Dows, water supply at, 809; well 
at, head, 806. 
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231 


particular - 


189 
43 


Drainage, description of..... 49, 51-59 


Drainage wells, location and use 
of 
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Dresbach sandstone, character, 73; 
distribution, 72, 279, 750, 1006; 
structure of, 279; water in, 
107, 111, 280, 421; head of, 
142; quality of, 118. See also 
particular county descriptions. 

Drift, occurrence and character of 52 

Drift, waters of, discrimination of, 
from artesian waters, 31, 105; 
use of, for water supply, 213. 
See also particular county de- 
scriptions. 

Drift areas, description of........ 52 

Driftless area, description of, 50; 
water in, 136. 


Drillers, opinions of, value of..... 46 ) 


Drill holes, diameter, 146; sinking, 
217; dfficulties in, 145. 


Drillings, samples from, collection, 
35; erroneous deductions from, 
38; examination, 37; mixtures, 
39. 

Dubuque, geology at, 72-74, .85, 
286, 374; precipitation at, 64; 
temperatures at, 61; wells at, 
152, 158, 280, 380; records of, 
plate showing, 310; water of, 
head, 140, 142, 156, 378, 380; 
quality, 140, 180, 206, 208, 231, 
265, 270. 


Dubuque county, city and village 
supplies, 379; geology, 373; 
springs, 378; topography, 50, 
372; underground water, 280, 
376; wells, 114-116, 378, 380; 
water of, head, 378, 380; qual- 
ity, 170. 

Dudley, wells near.......... 727, 738 

Dumont, wells at, 754, 758; water 
of, quality, 173. 

Duncombe, wells near, 845; wells 
near, water of, quality, 188. 

Dundee, piwelisi atte cists dw evs 368 

Dunkerton, water supply at...... 304 

Dunlap, geology at, 1102, 1129, 
1130; wells at and near, 1038, 
1131; plate showing, 458; wa- 
ter of, quality, 197, 202, 206, 
274. 

Dunreath, wells near..........e.. 966 

Durango; wells ‘Atcsee eke eeeteicte tee 389 

Durant, geology near, 441, 445, 
587; water supply at, 447. 

Dyersville, wells at and near..... 
Sean tan ee eta 310; Side oss 





E 


Eagle Grove, wells at, 809; water 
of, head, 806; quality, 173. 


Earling, water supply at......... 1179 
Earlville, water supply at........ 364 
Early, wells at and near...1087, 1088 
East Amana, wells at....-....... 481 


East central district, counties, 420; 
counties in, descriptions, 422- 
617; geology, 279; location of, 
map showing, 165; precipita- 
tion in, 64; well waters, 421; 
quality, 180, 205, 211; map 
showing, 165. 

East Iowa City, water supply at.. 513 

Eddyville, wells at and near, 267, 
727, 728, 738, 965, 976; water 
of, quality, 195, 267, 729. 


( Edgewood, wells at..........s0es 355 


Eilberon, wells néar.:..0- eee 613 


' Hldora, springs near, 848; wells 


at, 850, 853; water of, quality, 
188, 277. 
Hidorado, wells at.s&..... aes ae 399 
Eldridge, water supply at, 604; 

wells at, water of, quality, 185. 
Elgin, wells Sate. 399, 403 
Elkader, flowing wells at, 348; wa- 

ter of, quality, 169; geology at, 

348; water supply at, 350. 
Ellendale, wells at, water of, qual- 

ALY OL) (a dc)s;s Sisrw cevese ara 177 
Elliott, water supply at.......... 1151 
Ellsworth, well at, 845; wells at, 

water of, quality, 188, 278. 

Elon, springs near, 294, 299; wells 

at, 299. 


Elrick, wells “at... ..0:. <a 700 
Elvira, “wellS ati. osc. cee 473, 476 
' Elwood, geology near............ 455 


Ely, geology at, 533; wells at, 545. 
Emery, ‘ wells’at.::..).. 45 2.0 eee 761 


| Emmet. county, city and village 


supplies, 1044; geology, 1042; 
topography, 1042; underground 
water of, 174, 1043; wells in, 
1044; water of, quality of, 
174, 176. 

Emmetsburg, geology at, 70, 80, 
84, 86, 749; wells at and near, 
1006, 1035, 1067, 1068, 1070; 
records of, plate showing, 814; 
water of, head, 1070; quality, 
1195. L74, s7; 206208e 

Epworth, geology near, 376; wells 
at and near, 389, 390. 

Essex, water supply at..... 1155, 1159 

Estherville, water supply at, 1045; 
wells at, 1043. 

Exira, water supply at........... 1117 


F 


Fairbank, geology at, 394; wells 
at, water of, quality, 169. 
Fairfax, geology at, 533; wells at, 

545. 


Fairfield, wells at........ 652, 654, 
Maireround, well ate...) oc besicisce 
Mairport, wells at..../....0....6. 

Farley, geology near, 377; wells 
at and near, 389, 390; water 
of, quality, 170. 

Farmersburg, wells at, 355; wells 
at, head, 347. 

Farmington, flowing well at, 718; 
wells at, 122, 718; water of, 
quality, 195, 266. 

Farms, water supplies, 215; wells 
on, pollution, 229. See also 
particular county descriptions. 

Farson, wells near, 738; wells at, 
water of, quality, 195. 

Fayette, springs near, 395; wells 
at and near, 396, 402. 

Fayette county, city and village 
supplies in, 396; geology, 392; 
springs, 395; topography, 391; 
underground water, 393; wells, 
393; water of, quality, 169. 

Feed-water heaters, softening in.. 

Ferguson, wells near......... 876, 

Filtration, occasional failure of.. 

Flagler, wells at, 267, 965, 968; wa- 
ter of, quality of, 197, 200, 208, 
267, 270, 272. 

Florence, wells at, head in...... 

Flowing wells, distribution of, 
map showing, pocket. See also 
artesian waters; particular 
counties, places, etc. 

Floyd county, city and village sup- 
plies in, 771; geology, 769; 
springs, 771; structure, 749; 
topography, 769; underground 
water, 770; wells, 160, 770; 
water of, quality, 1738. 

Folletts, wells at............. 473, 

Fonda, wells at, 1079, 1081; water 
of, head, 1011, 1080; quality, 
177. 

Fontanelle, wells near, 931; wells 
near, water of, quality, 200, 
267. 

ATOUCAUWOLIS. NEAT 2s cis s.< 5) .stel- die ater 
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Forest City, Missouri, geology at..1102 


Forest City, Iowa, wells at, 799, 
800, 805; water of, head, 799, 
800; quality, 171. 

Forestville, well mear............- 

Formation. See Rock formations. 





Fort Atkinson, wells at....... 417, 


Fort Crook, Nebr., geology at, 1161, 
1162, 1166; well at, 1172; rocks 
from, analyses of, 1173. 

Fort Dodge, flowing wells at, 917; 
geology at, 45, 77, 85, 87, 89, 
95, 98, 100; wells at and near, 
917, 921; plates showing, 310, 
814; rocks from, analyses, 920; 
water of, quality, 186, 188, 206, 
208, 270. 


Fort Madison, geology at, 92, 95, 
619, 674; wells at, 157, 619, 
677, 690; plate showing, 618; 
water of, head, 140, 153, 157; 
quality of, 196, 206, 208, 270, 
677. 

Fossils, correlation by means of.. 

Moster!-wellsi ats ween. knee cn ee 

Hranklin;s well nearac. o...coek on 


Franklin county, city and village 
supplies, 776; flowing wells, 
776; geology, 94, 749, 775; 
springs, 776; topography, 775; 
underground water, 775; wells, 
160, 776; water of, quality of, 
173. 

Hrankvilleswellsc at. ..3...00< <<. 

Hredericad, Swells watiesc ie acas.ate otis 

Fredericksburg, water supply at.. 

Mredonisg-pewells eats a5 = sero aves 

HWreenortie wells, ave ogc. hs foe els «chore 


Fremont county, city and village 
supplies, 1127; geology, 1125; 
springs, 1127; topography, 
1125; underground water, 1126; 
wells, 1126; water of, quality 
of, 203. 


Mroclich wells tat « wvstecss oaactrel ee. ces 
Frosts,. occurrence of............ 


Mruitland-twellsdtve.ice 2 caters « 
G 


Galena, Ill., well at, record of.... 


Galena dolomite, change in compo- 
sition, 41, 85; character, 85; 
discrimination, 630, 675; dis- 
tribution, 85, 619, 750, 1007, 
1109; map showing, pocket; 
springs from, 115, 287, 292, 
350, 412; structure, 619; thick- 
ness, 85, 619; water in, 114, 
421, 619, 812; head, 142, 347, 
411, 456; quality, 119. See also 
particular county descriptions. 

Galt, well at, head in........../. 

Galva, wells at, water of, quality 
of 


weet eee ee eee eeeeeeeseeeeee 
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978 
692 


417 
320 
341 
700 
417 


355 
61 


570 


388 


806 
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Garner, water supply at, 783; 
wells at, water of, head, 782; 
water of, quality, 172. 

Geologie history, outline of...... 47 

Geologic sections. See Sections, 
geologic. 

Geology, account of, 67-104; co- 
lumnar section showing, 66; 
relation of, to quality of wa- 
ter, 108. See also particular 
counties. 

Germania, wells at, water of, head, 
791; wells at, water of, qual- 


AEYS La de 
Germanville, wells “atin a. -ccremicels 655 
Gibson, owWells (ate see ae oer 668 
Gilbert, wells-at and near........ 91% 
Gilman, wells at and near........ 876 


Gilmore, geology near, 1078, 1079; 
water supply at, 1081; wells 
at, head in, 1080. 

Glaciers, deposits, 52; extent, 50, 
52 


Gladbrook, well at, 617; wells at, 
water of, quality, 182. 

Glasgow, well near.......... Stes teye 656 

Glendale, wells at and near...655, 656 

Glenwood, geology at, 91, 95, 98, 
99, 924, 1102, 1108, 1109, 1161, - 
1162; wells at, 128, 158, 1137; 
plate showing, 1100; water of, 
quality of, 123, 197, 203, 206, 
271, 1103, 1188. 

Glenwood shale, correlation, 83; 
occurrence and character, 374. 

Glidden, wells at and near, 1025, 
1026; water of, quality, 179. 


Goldfield; wells at, head in...... 806 
Goodell, wells at, water of, quality 

OLS CaS ee cle lela wis bielerae rete aerate 172 
Goose Lake, wells, ate ..% ct. cc. 473 
Gosport, geology mean. cre soe ee 967 


Gowrie, wells at, 920, 922; water 
of, quality, 125, 188. 


Grace Hill, wells near............ TAT 
Graettinger, water supply at..... 1072 
Graham aves enGatcsc. seen circ 390 


Grand Junction, wells at, 829, 831; 
wells at, water of, quality, 189. 

Grand Mound, springs at, 458; 
wells at, 472, 477, 478; water 
of, quality, 185. 


Grand View, wells ate. oy 26 «cei sr 700 
Granger, Springs Aton accel 539 
Granville, water supply at........ 1091 
Gravel screens, development of... 224 
Greeley, wells at............. 368, 371 


Greene, wells at and near....753, 757 


Greene county, artesian basins, 
828; city and village supplies, 
829; geology, 827; springs, 
829; topography, 827; under- 
ground water, 828; wells, 828; 
water of, quality, 189. 

Greenfield, geology at, 928; wells 
at and near, 930, 931. 

Green Island, wells at, 494, 503; 
record of, plate showing, 448; 
water of, head, 140; quality, 
180, 183. 

Green Mountain, wells near. ..874, 

Gridley, wells at, water of, quality 

Grinnell, geology at, 88, 90, 93, 95, 
575; wells at, 108, 234, 235, 278, 
577, 578, 584; plates showing, 
420, 812; water of, 421; qual- 
ity, 123, 131, 181, 183, 206, 208, 
2738, 274. 

Griswold, wells at, 1123, 1124; wa- 
ter of, quality, 203. 

Gruber Ridge, geology of......... 

Grundy Center, wells at, 833; wa- 
ter of, quality, 125, 189. 

Grundy county, city and village 
supplies, 833; geology, 832; 
springs, 833; topography, 832; 
underground water, 832; wells 
in, 160, 186, 833; water of, 
quality, 189. 

Guthrie Center, wells at, 837; wa- 
ter of, quality, 190. 

Guthrie county, city and village 
supplies, 837; flowing wells in, 
837; geology, 835; topography, 
49, 835; underground water, 
836; wells, 813, 836; water of, 
quality, 190. 

Guttenberg, water supply at...... 

Gypsum, presence of, correlation 
by, 42, 90. 


H 


Hackberry substage, correlation, 
92; deposits of, occurrence and 
character, 752. 

Halfa, wells at, water of, quality 
of, 176. 

Hamburg, wells at, 1126, 1127; wa- 
ter of, quality, 203. 

Hamilton, spring near, 967; wells 
near, 967. 

Hamilton county, city and village 
supplies, 843; flowing wells, 
843; geology, 842; springs, 
843; topography, 842; under- 
ground water, 128, 130, 842; 
wells, 186, 843; water of, qual- 
ity, 130, 186, 188. 


881 
176 


291 


350 


oe sas 
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Hampton, geology at, 83, 85, 87, 88, 
93, 95; springs at, 776; water 
supply at, 776; well at, 119, 
777; water of, quality, 119, 178, 
208. 

Hancock county, city and village 
supplies, 783; flowing wells, 
782; geology, 780; topography, 
780; underground water, 781; 
wells, 781; water of, head, 781; 
quality, 172. 

Hanlonton, wells at, 803; wells at, 
water of, quality, 125, 171. 

Harcourt, wells at, water of, qual- 


ity of, 188. 
Hardin county, city and village 
supplies, 848; flowing wells, 


847, 852, 853; geology, 846; 
springs, 848; topography, 846; 
underground water, 130, 847; 
wells, 186, 847; quality, 130, 
188. 





Harker, well*atec. vaccine Geese 668 

Harlan, geology at, 1104; water 
supply at, 1180. 

FLar pers, -WelIS MEAT ties cris vets ec 669 

Harpers Ferry, springs at, 299; 
wells at and near, 299, 300. 

Harrison county, city and village 
supplies, 1131; geology, 1129; 
topography, 1129; underground 
water, 1129; wells, 1130; plate 
showing, 458; water of, qual- 
ity, 202. 

Hartley, water supply at, 1061; 
well at, water of, quality, 176, 
274. 

Harvey, wells at and near....967, 973 

EAB RATIS. WELIS Gabe... « «vo. gcatenet ee 4 sieve 746 

Hastings, wells at, 1145; wells at, 
water of, quality, 203. 

Havelock, wells at, head in....... 1080 

Haverhill, wells near........ 875, 882 4 

Hawarden, wells at, 1091; head in, 
1080, 1090. 

Hawkeye, water supply at........ 397 

Haysville, geology near, 664; wells 
tee O08.) 

Hayward, J. K., and Smith, R. H., 
on mineral water classification 268 

Hazel Green, wells at............ 361. 


Head, definition, 138; factors af- 
fecting, 139; geographic distri- 
bution of, map showing, pock- 
et; measurement, 139; relation 
of, to geology, 141; plate show- 
ing, pocket; See also particular 
counties, places, etc. 

Health, effect of mineral water on 233 

PICOTICK WEIS. Al. . 2. 2 siete oetats 668 


Hendrixson, W. S., on chemical 
composition of well water, 159- 
211; on chemical investigation 
of well water, 46; on mineral 
waters, 138-278; on water sup- 
plies, 212-260; work of, 31. 

Hendrixson, W. S., Norton, W. H., 
and Simpson, H. E., on geo- 
logic occurrence. of under- 
ground water, 105-137. 

Henry county, city and village sup- 
plies in, 645; geology, 643; 
topography, 642; underground 
water, 127, 644; wells, 644; 
water of, quality, 195. 

Herndon, wells at, 812, 838; rock 
from, analysis, 839; water of, 
quality, 190. 

Hesper, geology near, 409; wells at 
and near, 417, 418. 

Highlandville, wells at........... 

FUT Se WOLISE ab tine e cis oo eile selon 

IN SHORONWOCLIENCAT od c)as cris ace este 

Hocking, wells at and near 

Holland, wells at, water of, qual- 
ity of, 189, 278. 

Holstein, geology at, 79, 84, 86, 
1005; wells at, 1006, 1047; 
plate showing, 1006; water of, 
head, 142; quality, 178, 206. 

Homeryewell “mear. sc'. cuss secs cee 

Homestead, geology at, 93; well at, 
421, 481; plate showing, 812; 
water of, quality of, 181, 183, 
206, 208. 

Honey Creek, wells at, water of, 
quality of, 203. 

Hopkinton, spring near, 363; wells 
at and near, 364, 369. 

Horton, water supply at.......... 

Houghton, wells, Near... o. «cuidate. 

Howard county, city and village 
supplies, 406; flowing wells, 
405; geology, 404; springs, 
124; topography, 404; under- 
ground water, 404; wells, 160, 
405; water of, quality, 168. 

Hubbard, wells at and near, 847, 
851, 854; water of, quality of, 
189. 

Hudson, wells at, water of, qual- 
ity of, 169. 

Hull, geology at, 70; wells at, 1008, 
1091; water of, head, 1075, 
1090; quality, 176, 206, 274. 

Humboldt, water supply of...... 


eseceeve 


1197 


414 
508 
648 
978 


845 


313 
691 


1198 


Humboldt county, city and village 
supplies, 786; geology, 94, 749, 
784; springs, 786; topography, 
784; underground water, 785; 
wells, 784; water of, head, 785; 
quality, 173, 174. 

Humeston, well at, 1000, 1001; 
water of, quality, 1001. 

Hutchins, well at, head in........ 

Hydraulic gradient, explanation of 


I 


Ice caves, description of.......... 

Ida county, city and village sup- 
plies, 1047; geology, 1046; 
springs, 1047; topography, 
1045; underground water, 
1046; wells; 1046; water of, 
quality, 178. 


INDEX 


782 
141 


412 


Ida Grove, wells at and near...... 1049 


Illinoian drift, character, 55, 103; 
distribution, 55, 108, 559, 627, 
643, 671, 694; map showing, 
pocket; water, 134, 672. 

Illinoian drift province, area of, 
map showing, pocket; topog- 
raphy, 55; water, 137. 

Lily ria wells vate cie cc «vst »ie tenia 

Incrustation on well screens, diffi- 
culties due to, 219; material 
of, analysis, 221; remedies, 

222. See also Clogging. 

Independence, flowing well near, 
338; water supply, 338. 

Independence shale, correlation, 
92; occurrence and character, 
334, 535. 

{ndianola; geology atz= <0... es 

Industrial supplies, requirements 
of, 240. 

Investigation, object of, 32; scope, 
31 


Tonia, wells at, water of, quality.. 
Iowa Center, wells at......... 902, 
Iowa City, water supply at....... 

Iowa county, city and village sup- 
plies, 480; flowing wells, 480; 
geology, 420, 478; topography, 
478; underground water, 479; 
wells, 479; water of, quality 
of, 183. 

Iowa Falls, springs near, 848; 
wells at and near, 847, 852; 
record of, plate showing, 310; 
water of, quality, 189. 

lowa Hospital for Insane, wells of, 
645; record of, plate showing, 
626. 


lowan drift, character, 56; distri- . 


bution, 56, 103; map showing, 


See also Boiler water. 


399 





992 


167° 
905 
508 | 





pocket; water of, 134. See 
also particular county descrip- 
tions, pp. 279-617, 749-810. 

Iowan drift province, area of, map 
showing, pocket; topography, 
56; water, 137. 

Iowa river valley, topography in, 
505; water of, quality, 231. 
Iowa State College, well at, 904, 
907; record of, plate showing, 

458. 


Ireton, water supply at.......... 1092 


Iron tubing, effect of mineral wa- 
ter on, 234. 

Irving, geology ats... .e.cee . eas 

Irvinton, wells at, water of, qual- 
ity of, 171. 

Island City, well at, log of....... 


a 


Jackson county, city and village 
supplies, 493; geology, 83, 87, 
486; springs, 492; topography, 
50, 486; underground water, 
487; wells, 116, 487; water of, 
quality, 183. 

Jasper county, city and village 
supplies, 863; flowing wells, 
858; geology, 855; mineral wa- 
ters, 858; springs, 857;  to- 
pography, 854; underground 
water, 129, 186, 855; wells, 
813, 856; water of, quality, 
OSB lee ep lee eda 

Jefferson, geology at, 1007; wells 
at, 1006; wells at and near, 
828, 829; plate showing, 458; 
water of, quality of, 186, 189. 

Jefferson county, city and village 
supplies, 654; geology, 650; 
springs, 654; topography, 650; 
underground water, 127, 652; 
wells, 652. 

Jesup, springs at and near, 337; 


592 


wells at, 339; water of, qual-_ 


ity, 125, 169. 

Jewell, wells at and near, 843, 
845; water of, quality, 188. 

Johnson county, city and village 
supplies, 508; geology, 92, 420, 
506; topography, 504; under- 
ground water, 507; wells, 507; 
water of, quality, 184. 


Jolley; well. atic. See eee 
Jones county, city and village sup- 
plies, 520; geology, 515; 


springs, 519; topography, 515; 
underground water, 516; wells 
in, 122, 516; water of, quality 
of, 183. 
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Jordan sandstone, character, 76; Kingsley, water supply at........ 1076 
distribution, 75, 279, 750, 812, Kinross, wells at and near....... 668 
1006; map showing, pocket; Kirkman, water supply at....... 1180 
outcrops, 279; springs, 112; Kirkville, wells near......... 727, 738 
structure, 279; water, 107, 111, Klemme, well at, head in........ 782 


280, 421, 812; head, 142. See 
also particular county descrip- 
tions. 

Jumbo well, description of....... 427 


K 


Kansan drift, occurrence and char- 
acter, 53, 102; water of, 133, 
304, 312, 334, 346, 424, 441, 612. 
See also particular county de- 
scriptions. 

Kansan drift province, area of, 
map showing, pocket; topog- 
raphy, 53; water in, 136. 

Kellerton, wells at, 985; wells at, 
water of, quality, 201, 267. 

Kellogg, wells at and near....864, 868 

Kent, wells at, water of, quality of 201 

Kenwood beds, occurrence and 
ONAPACTOM TOL sete es acc craic c eres .e 


Keokuk, geology at, 81, 95, 619, 
672; precipitation at, 63, 64; 
temperatures at, 61; wells at 
and near, 674, 681, 689; plate 
showing, 618; water of, head, 
140, 157; quality, 180, 193, 
196, 208, 270, 272. } 

Keokuk county, city and village 
supplies, 665; geology, 660; 
springs, 665; topography, 660; 
underground water, 127, 192, 
662; wells, 665; water of, qual- 
ity, 194. 

Keokuk limestone, occurrence and 
character of, 96, 643. 

Keosauqua, wells at and near.... 

MET sisi Patdgio I isd ea Mekars Val (1S, 2 tak 

Keota, wells at, 665, 747; water 
of, quality, 194. 

Keswick, geology at.............. 

Keystone, wells at and near, 426, 
432; water of, quality, 182. 


535 


MCUGTeE WEIL SU. occ cue eticg tures. s'> * 389 
Kiersted, W., on Muscatine water 
BUT Yc steve ee se ctes is Otome arancieleters « 563 
Kilbourne, wells at........... 719, 720 
Kimballton, water supply at...... a aly 


Kinderhook stage, distribution of, 
map showing, pocket; flowing 


wells from, 126; occurrence 
and character, 94, 423, 506, 
614, 1102, 1109; water, 126, 


484. See also Mississippian; 
particular county descriptions, 
pp. 618-1186. 





Knoxville, geology at, 928, 966; wa- 
ter supply at, 968; wells at and 
near, 966, 973; water of, qual- 
ity, 197, 200, 267, 270, 272, 
274, 

Kossuth, geology near........... 

Kossuth county, city and village 
supplies, 791; geology, 749, 
787; topography, 787; under- 
ground water, 789; wells, 788; 
water of, head, 790; quality, 
171, 174. 


629 


711 
688 


TACOY ase WelIS “AES. oak vac. bere oss 
Taw Crew, wellstiatac ae .c:s) oreo ose 
Lake City, wells at and near, 1014, 
1022; water of, quality, 178. 
Lake Mills, wells at, 801; water of, 
head, 799; quality, 125, 171, 
277. 
Lake Park, wells at, 1040, 1041; 
water of, quality, 176, 275. 


Lakes, occurrence of............. 58 
Lamoriles well ‘nears... cnc. oc os 882 
Lamont, geology at, 943; water 
supply at, 947. ; 
La Motte, water supply at........ 494 


Lane, Nebr., well at, record of....1171 

Lanesboro, wells near, 1026; wa- 
ter of, quality, 179. 

Langworthy, wells at......... 523, 529 

Lansing, geology at, 70, 71, 75, 285; 
wells at and near, 294, 300; 
water of, head, 140; quality, 
168, 208. 

Tae orte; £eOlozyHaL. ~~ sick). 2 ie 

Marsonguwellsivats + seers sew ae eee 

Latimer, wells at, 779, 805; water 
of, quality, 173. 

Latta, geology near, 629; well at, 
641. 


305 
725 


Ihaurels-welliineartsesecs eo. 692, 875 
Laurens, wells at, 1079, 1082; wa- 
ter of, head, 1080; quality, 177. 
Ibe. Claire twelle atc. w2cen tees 
Lee county, city and village sup- 
plies, 676; geology, 618, 671; 
springs, 676; topography, 670; 
underground water, 127, 672; 
wells, 674; water of, quality, 


604 


196. 
Le Grande, wells near........ 874, 882 
Lehightawells: neary y..2..05 em alee oe 921 


1200 


Le Mars, geology, 68, 1006; wells 
at, 1076; plate showing, 310; 
water of, head, 1075, 1090; 
quality, 177. i 

Leon, geology at, 928; wells at, 943, 


948; water of, quality, 201, 
942. : 
Lester, -well nears vciss Scie we 5 0's 1053 


Letts, geology at, 84, 938, 618, 695; 
wells at and near, 696, 703; 
plate showing, 660; rock from, 
analyses, 698. 


Lewis, springs. at, 132; well at, 
12S ti 24. 

Lexington, wells near............ 747 

Libertyville, well near.......... 657 

Lidderdale, wells near........... 1026 

Lima; swellstatine. toceaweie tata. 6 399 

Lime City, geology near...... 441, 445 


Lime Creek shale, distribution of, 
map showing, pocket; occur- 
rence and character of, 92, 93, 
752, 754, 756; water in, 753. 
See also Devonian rocks. 

Lime Springs, wells at, water of, 
quality of, 168. 

Lincoln, Nebr., geology at, 80, 926, 
1102, 1108; 1163. 

Lineville, wells near............. 1003 

Linn county, buried channels, 537; 
city and village supplies, 539; 
geology, 534; springs, 539; to- 
pography, 533; underground 

‘ water, 535; wells, 122, 535; 
plate showing, 458; water of, 
quality, 182. 


Linton, -welleath us cn eerie ae 641 
Linwoods) wells sat. snscnea teen 378 
Lisbon, geology at, 533, 538; spring 
at, 539, 543; water supply at, 
543; water of, quality, 183. 
Liscomb; \welisGat. ..- ses. oes 874 
Lithology, correlation by......... 41 
Lattleport,--wellsgat. cmicrasuniterlare 355 
Livermore, water supply at, 787; 
wells at, water of, head, 791; 
quality, 173. 
Livinggood Spring, location and 
Character Ol. ks. cme ras e 292 


Lizard creek, wells at, head in...1080 


Locheen; well nears acs scans oe elas aye 692 
Lockridge, Awellsvathmecctesa. achat 655 
Locust wellsmnearce.eniaeer 300, 418 
Loess, definition, 53, 104; occur- 
rence and character, 104; 
water, 135. See also particu- 
lar county descriptions. 
Logan, geology at, 1104, 1129, 
1162; wells at, 1103, 1133; 


water of, quality, 202, 206, 271. 





INDEX 


Lohrville, wells at and near, 1015, 
1022; water of, quality, 178. 
Lone Tree, water supply at...... 
Long Grove, wells at......::.... 
Long Point, wells ati. 7c cies 
Lorimer, wells at, water of, qual- 
ity of, 201. 
Lost Nation, wells near...... 455, 
Louisa county, city and village 
supplies, 698; geology, 694; 
springs, 698; topography, 693; 
underground water, 695; 
wells, 696; plate showing, 660; 
water of, quality, 195. 
Lovilia, wells’ at... . 0. . ov 2 sien 
Lowden, geolagy near, 444; wells 
at, 447; water of, quality, 184. 
Lowell, wells at. <o2.i0 cee 644, 


Lower Magnesian limestone. See 
Prairie du Chien group. 

Low Moor, wells at... ..... aera 

Luana, wells at and near..... 355, 

Lucas, spring near, 954; wells at, 
955. 

Lucas county, city and village 
supplies, 954; geology, 950; 
springs, 953; streams, 951; 


topography, 949; underground 
water, 952; wells, 952; water 
of, quality, 201, 952. 

Luray; well near.3s .c2t~ aga 

Luther, wells ’neéar?\.. 2.25.22 

Luton, wells at, water of, qual- 
ity of, 178. 

Luverne, wells at and near,. 788, 
789; water of, head, 791, 806; 
quality, 171. 

Luzerne, water supply at........ 

Lynnville, wells at, water of, qual- 
ity of, 191° 

Lyon county, city and village sup- 
plies, 1053; geology, 1006, 1008, 
1050; topography, 1050; un- 
derground water, 1051; wells, 
1052; water of, quality, 176. 

Lyons, geology at, 458; wells at, 
462, 465, 476; wells at, water 
of, quality of, 185. 


M 


McCausland, wells atv<s.o. eee 

McClelland, wells at, water of, 
quality of, 203. 

McGee, W J, on Shakopee dolomite 

McGregor, geology at and near, 50, 
U1; 73) 75, 77, 34035 wells) ate 
281, 351; plate showing, 280; 
water of, head of, 140, 351; 
quality of, 118, 150, 164, 166, 
167, 169, 206, 208, 209, 271. 


977 


648 


473 
358 


882 
822 


432 


605 
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McPaul, wells at, water of, quality 
of, 203. 

McPoland Pond, location and char- 
acter of, 115. 


micVeigh; well (nearest <. css secs 
MVACOY; - WELL anal tyes es scoters « 
Macksburg, geology near......... 


Madison county, city and village 
supplies, 959; geology, 956; 
springs, 130, 959; topography, 
956; underground water, 957; 
wells, 957; water of, quality 
of, 200. 


Madrid, wells at, 820, 822; water 
of, quality, 189. 


Mahaska county, city and village 
supplies, 708; flowing wells 
707; geology, 704; springs, 
708; topography, 704; under- 
ground water, 127, 192, 199, 
707; wells, 705; plate show- 
ing, 626; water of, quality, 
194, 


Malcom, water supply at......... 


Mallard, geology at, 84; wells at, 
786, 1035, 1072; plate show- 
ing, 814; water of, head, 1070, 
1072; quality, 120, 177. 

DI ALOWMC WRILS, valbiic.s ataisleteie st etereaie\3 

Malvern, water supply at........ 1145 


Manchester, geology at, 73, 74, 75, 
83, 85, 87, 286, 363; spring at, 
363, 365; water of, analysis 
of, 170, 264, 277; wells at and 
near, 280, 360, 363, 364, 369- 
371; plates showing, 310, 420; 
water of, quality of, 170, 206, 
208. 

Manly, wells at, water of, quality 
UG UaEeS settee ote seevereratetela. eta 8 ais Aewseus 's 

Manilla, wells at and near, 1038, 
1039; water of, quality, 179. 

Manning, water supply at, 1025; 
wells at, water of, quality, 179. 

Manson, wells at and near, 1016, 
1021, 1022; plate showing, 
310; water of, quality, 174, 
179, 206, 210. 


Maple Hill, wells at, water of, 

UULLLEC YA ta stares eerste aya eta feian 27008 3 

Mapleton, wells at and near, 1057, 
- 1058; water of, quality, 179. 


Maquoketa, geology at, 79, 83, 87, 
489, 490; wells at, 495; plates 
showing, 424, 448; water of, 
quality, 183. 


76 


721 
821 
958 


582 


171 


176 


1201 


Maquoketa shale, character, 87; 
distribution, 86, 750, 925, 1007; 
map showing, pocket; springs 
from, 116; structure, 420, 619; 


water in, 116; head, 143. See 
also particular county de- 
scriptions. 


Marathon, water supply at, 1012; 
wells at, water of, head, 1011; 
quality, 177. 

Marble Rock, springs at, 771; 
water supply at, 774; well at, 
water of, quality, 173. 

Marcus, water supply at, 1032; 
wells at, water of, quality, 
Wize 

Marengo, flowing wells at, 480; 
wells at, 480, 483; water of, 
quality, 181, 1838, 483. 

Mariettas wells alicia ods celeste ere 

Marion, geology at, 533; springs 
at, 539, 543; wells at and near, 
543; water of, quality, 183. 


Marion county, city and village 
supplies, 968; flowing wells, 
966, 967; geology, 962; 
springs, 967; topography, 962; 
underground water, 197, 199, 
963; wells, 965; plates show- 
ing, 420, 660; water of, qual- 
ity, 197, 200. 


Marne, water supply at.......... 1123 


Marshall county, city and village 
supplies, 876; geology, 94, 871; 
topography, 870; underground 
water, 872; wells, 186, 873; 
water of, quality, 186, 190. 

Marshalltown, geology at, 89, 90, 
95; wells at and near, 872, 
876, 880, 882; plate showing, 
458; water of, quality, 123, 190. 


874 


Martelle, wells near. ............. 519 
Martinsbure., section atures. 663 
Marysville, wells near............ 967 
Mason City, geology at, 70, 77, 82, 
86; flowing wells at, 761; wells 
at, 115, 281, 761; plate show- 
ing, 280; water of, quality, 
172, 206, 208, 277. 
Masonville, wellsiat.2. 2.00... 064s 368 


Massena, water supply at......... 1123 


Massillon, geology near........... 444 

Matigvew ell ss: at issu cisco ovens ce eters 299 

Maxwell, wells at and near, 901, 
902, 912, 913; water of, qual- 
ity, 189. 

Maynard, geology at, 394; wells at, 
399. 

May Prairie, geology of.......... 291 

Maysville, geology near.......... 590 
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Mechanicsville, geology near, 443; 
water supply at, 448. 


Mederville, geology at........... 
Mediapolis, wells at.........+. 638, 
Medicinal waters. See Mineral wa- 


ters. 

Meinzer, O. E., county descriptions 
by, 339, 404, 780, 822, 982, 1033, 
1039, 1050, 1059, 1078, 1114, 
1125, 1154, 1178; on finishing 
wells in sand, 219; on protec- 
tion of farm wells, 229; work 
of, 31. 

Meinzer, O. E., and Norton, W. H., 

‘ ecounty descriptions by, 478, 
621, 759, 835, 932, 999, 1027, 
1067, 1129, 1160, 1181. 


Melbourne, wells at.............. 

Melrose, wells near........... 978, 

Merrimac, springs near, 654; wells 
at, 655. 

Metz, well snearinc be. s seces.s 858, 

Michigan, Lake, water of, quality 
OL, er sreiereeett ier aia. ei cset ov eneielote esis 

Middletown, geology near, 629; 


well near, 640. 
Miles?e WElLIS ater ster elete stove aera oforets 
Mill creek, springs near.......... 


Miller, W. J., county descriptions 
by, 611, 1035, 1054, 1083; and 
Norton, W. H., county descrip- 
tions by, 813, 827, 842, 939, 
1013, 1045, 1093. 

Millheim, spring near..........«. 

Mills county, city and village sup- 
plies, 1137; geology, 1125, 
1186; springs, 1137; topog- 
raphy, 1136; underground wa- 
ter, 1187; wells, 199, 1137; 
water of, quality, 203, 1138. 

Milton, wells at, 719; water of, 
quality, 195. 


Minden, water supply at, 1176; 
wells at, water of, quality, 203. 


Mineralized waters, distribution, 
230; distribution of, plate 
showing, 204; effect of, on 
health; 233; on well casings, 
234. See also Mineral waters. 


Mineral waters, classification, 268; 
definition, 261; discussion, 261- 
278; medicinal value, 261; 
mineralization of, extent, 263; 
types, 268-278. See also Min- 
eralized waters. 
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868 


264 


498 
294 


363 








Mississippian rocks, character and 
distribution, 94, 421, 611-612; 
flowing wells from, 126; struc- 
ture, 924; water in, 126, 421; 


quality, 130, 421. See also 
Kinderhook stage; Osage 
stage; St. Louis limestone; 


Particular county descriptions, 
pp. 621-1186. 

Mississippi river, ancient chan- 
nel of, description of......... 

Mississippi valley, description, 50, 
281; underground water in, 
288. 

Missouri stage, character and dis- 
tribution, 99, 836, 1100, 1108; 
distribution of, map showing, 
pocket; water of, 129. See also 
Pennsylvanian rocks; particu- 
lar county descriptions, pp. 
923-1186. 

Missouri river, character, 55; wa- 
ter of, quality, 232. 

Missouri Valley, wells at, 1135; 
water of, quality, 202. 

Mitchell county, city and village 
supplies, 795; flowing wells, 
794; geology, 793; springs, 
794; topography, 793; under- 
ground water, 794; wells, 160, 
794; plate showing, 324; wa- 
ter of, quality, 172. 

Mitchellville, flowing wells at, 888; 
wells at, 126, 888, 894, 900; 
plate showing, 812; water of, 
quality of, 190. ; 

Moline, Ill., well at, record of..... 

Mondamin, wells at, water of, qual- 
ity of Scere ett oismorelale 

Monmouth, wells at............ Ba 


Monona, water supply at, 353; 
wells at and near; 281, 353, 
356; water of, quality, 169, 
208. 

Monona county, city and village 
supplies, 1056; flowing wells, 
1056; geology, 1005, 1054; 
springs, 1056; topography, 
1054; underground — water, 
1055; wells, 1055; water of, 
quality, 179. 

Monroe, wells at and near, 869; 
water of, quality, 191. 

Monroe county, city and village 
supplies in, 979; flowing’ wells, 
978; geology, 974; springs, 
978; topography, 974; under- 
ground water, 127, 199, 975; 
wells, 976; water of, quality, 
201. 


56 


603 


202 
498 


ee a a 


INDEX 


Montezuma, springs near, 577, 583; 
wells at and near, 577, 582; 
water of, quality, 183, 208. 


Montgomery, wells at, water of, 
SUA CY OF forest texcte tarciorener co anatetete 176 

Montgomery county, city and vil- 
lage supplies, 1151; flowing 
wells, 1150; geology, 1147; 
springs, 132, 1151; topography, 
1146; underground water, 
1147; wells, 1148; water of, 
quality, 203, 1148. 

Monticello, geology at, 75, 85, 87; 
518; wells at, 154, 158, 361, 
523; water of, quality, 180, 
183. 

Montrose, water supply at....... 687 

Montrose chert, correlation, 96; oc- 
currence and character, 651, 
672, 715-716; water, 629, 675. 

AVEO ORT er WElIS Tabet sais eG alone cleieis elas 687 

Morley, wells at and near, 519; 
wells at and near, water of, 
quality of, 183, 277. 

Morning Sun, geology near, 696; 
wells at, 700, 701. 

Morrison, well’ near... cee sce. 3 834 

NTOSCOW, (WELIS AUS. .csbemoces es a2 570 

Motor. SCOloey, ati). ee eaentes ¢ 348 

Moulton, well at, 938; water of, 
quality, 201, 274. 

Mount Auburn, wells at.......... 433 

Mount Ayr, well at..... Siolsisisiatevers 986 

Mount Clara, geology at, 95, 674: 
wells at, 687; record, 688; 
plate showing, 618. 

Mount Etna, wells at............ 1113 

Mount Pleasant, geology at, 45, 81, 

86, 91, 94, 95, 618, 675; wells 
at and near, 126, 645, 649; 
plate showing, 626; water of, 
quality, 128, 198, 195, 206, 208, 
267. 
Mount Sterling, wells at.......... 719 
Mount Union, well at............ 648 


Mount Vernon, geology at, 534, 
5387; wells at and near, 543; 
plate showing, 458; water of, 
quality, 183, 277. 

MOUNtH A100, “WelIS abil ciccs «oi ave 719 

Moyville, wells at and near. .1098, 1099 

Mud creek, channel occupied by, 
587; channel occupied by, fig- 
ure showing, 588. 

Mud-rock shales, position of...... 87 

Municipal and domestic supplies, 
mineral content, 230; pollu- 
tion, 226. See also Water 
supplies; Mineralized water. 
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Municipalities, water supplies of. 214 
See also particular places. 

Muntervilie, wells near 

MUTT AYss WOlLIS AG rwlasiecn oie oo mlctices 

Muscatine, geology near, 563; wa- 
ter supply at, 562; wells at, 
566. 

Muscatine county, city and village 
supplies, 562; geology, 92, 98, 
558, 618; springs, 562; topog- 
raphy, 558; underground wa- 
ter, 559; wells, 560; water of, 
quality, 185, 560. 

Muscatine Island, water supply at 559 


eeseee eves 


| Myron, springS near. .........0- 292 
N 
INapicre well at. <tc. cities ccs cere 822 
Nashua, water supply at.......... 341 
Nashville, wells at............ 498, 501 
National; wells: ati... 6.63608 as 355 


Nebraska City, Nebr., geology at, 
84, 924, 926, 927; wells at, 
1104; rock from, analysis, 
1107; water of, quality, 1103, 
1110. 

Nebraskan drift, occurrence and 
character, 53, 102, 871; water 
s0, 138, 312, 346, 652, 673. See 
also particular county descrip- 
tions, pp. 279-748. 

Nehama, well near, 1088; water of, 
quality, 178. 

Neola, water supply at, 1177; wells 
at, water of, quality, 203. 
Nevada, wells at, 905, 910, 913; 
plate showing, 458; water of, 

quality, 123, 189, 274. 

Nevinville, wells at.............. 1113 

New Albin, geology at, 51, 288, 285, 
286, 287; springs near, 294; 
wells at and near, 295, 300; 
water of, quality, 168, 208. 


Newburg, wells at............... 864 
Newell, water supply. at......... 1012 
New Hampton, geology at, 45; well 
at, 341; record of, plate show- 
ing, 280; water of, quality, 
166, 169, 275. 
New Hartford, wells at...... 755, 757 
ING Wes Liberty, Wells Alaeicws ve. 605 
New London, geology near, 629, 
643; wells at and near, 648, 
649. 
Newport, wells near............. 700 
New Providence, well near....... 853 
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New Richmond sandstone, charac- 
ter, 78; outcrops, 279; position, 
76; springs from, 113; water 
in, 107, 112, 421. See also 
Prairie du Chien stage. 

New Sharon, wells at and near, 
708, 714, 715; water of, qual- 
ity, 194. ; 

Newton, geology at, 97; water sup- 
ply at, 864; wells at and near, 
158, 187, 858, 864, 869; plate 
showing, 812; water of, qual- 
ity, 187, 191. 

Niagaran dolomite, distribution of, 
map showing, pocket; occur- 
rence and character of, 88, 
750; springs from, 122, 379, 
413; water in, 421; head, 120, 
143, 347; quality, 122. See also 
particular county descriptions ; 
Silurian rocks. 

Nichols wellsicat.. stetecieia eee 570, 

Nira, wells at and near....... 746, 

Nishnabotna river valley, descrip- 
TOD OLS. ett oie ss cwlacsoe ns 


INDEX 


573 
747 


55 


Nitroglycerin, use of...... 154, 741-742 
INOdaway: awellsmat iets: sects 1113 


Nodaway river valley, descrip- 
TION’ OF RO ee eee aso os ose 

Noell@wellseatecnw neta. sto. ols 605. 

Nora Springs, wells at, 771, 774; 
water of, quality of, 173. 

Nordness, wells at............... 

North-central district, counties, 
749; counties in, descriptions, 
751-810; geology, 749; location 
of, map showing, 165; precipi- 
tation, 62; well waters, 750; 
quality, 164, 172, 205, 211; map 
showing, 165. 

Northeast district, counties, 279; 
counties in, descriptions, 281- 
419; geology, 279; location of, 
map showing, 165; precipita- 
tion in, 62; well waters, 280; 
quality, 164, 205, 211, 281; map 
showing, 165. 

Northfield, wells at, water of, qual- 
TtY OLD. se Rts ee 

North Liberty, water supply at... 

North McGregor, wells at, 354; wa- 
ter of, quality, 166, 169. 

Northwest district, counties of, 
1005; counties of, descriptions 
of, 1009-1099; geology of, 1005; 
location of, map showing, 165; 
precipitation in, 62; well wa- 
ters in, 1006; quality of, 174, 
205, 211; map showing, 165. 

Northwood, wells at, 803; water of, 
quality, 175, 277. 


608 


195 
510 


Norton, W. H., county descriptions 
by, 281, 312, 342, 407, 439, 486, 
515, 586, 625, 642, 650, 660, 670, 
693, 715, 739; introductions by, 
31, 279, 420, 618, 749, 811, 923, 
1005, 1100; on artesian phe- 
nomena, 138, 427; on well drill- 
ing, 217; work of, 31, 33, 47. 

Norton, W. H., and Arey, M. F., 
county description by, 301. 

Norton, W. H., and Meinzer, O. E., 
county descriptions by, 478, 
621, 759, 769, 775, 835, 932, 942, 
999, 1027, 1067, 1074, 1129, 1136, 
1160, 1181. 

Norton, W. H., and Miller, W. J., 
county descriptions by, 813, 
827, 832, 842, 846, 914, 1013, 
1022, 1045, 1093. 

Norton, W. H., and Simpson, H. E., 
county descriptions by, 422, 
574, 722, 870, 884, 900, 962, 974, 
1117; on geology of Iowa, 67- 
104. 

Norton, W. H., Simpson, H. E., 
and Hendrixson, W. S., on 
geologic occurrence of under-: 
ground waters, 105-137. 

Norway, wells at...... coscccccee O45 

Nugent, wells at.......... Pein. ah 668 

No. 10 Junction, geology at, 925, 
980; wells at, 980; water of, 
quality, 201. 


oO 
Oakdale Sanitarium, wells at..... 510 
Oakland, water supply at......... 1177 


O’Brien county, city and village 
supplies, 1061; geology, 1059; 
topography, 1059; underground 
water, 175, 1060; wells, 1060; 
water of, quality, 175, 176. 

Odebolt, wells at and near...1087, 1088 

Oelwein, geology at, 394; wells at 
and near, 397, 400; water of, 
quality, 280. 

Ogden, wells at and near, 814, 820, 
821; plate showing, 458; water 
of, quality, 189, 274. 


Olfn,, water supply /at-. 4. eee 525 | 


Olivet, ~wells: near. ...% .c.esieeeme 707 
Ollie, wells near, 669; water of, 
quality, 194. j 
Omaha, Nebr., geology at, 1161, 
1170; precipitation at, 64; tem- 
peratures at, 61; wells at, 
1162,°.1170;. 1173; 
Onawa, geology at, 1008-1009; wells 
at and near, 1056, 1058; water 
of, quality, 179, 1055. 


se 


POMEIG a. Well swat s<is4s.0, secs aigie obs othe 
Oneota dolomite, character, 345, 
408; position, 76; springs 


from, 113; water in, 112, 421. 
See also Prairie du Chien 
stage. 

Onslow, wells at and near, 519, 
526; water of, quality, 183. 
Orange City, wells at, 1092; water 

of, quality, 176. 

Ordovician rocks, occurrence and 
character, 67, 76-88; springs 
from, 116; water in, 107, 112; 
quality, 118. See also Maquo- 
keta shale; Galena dolomite; 
Decorah shale; Platteville 
limestone; St. Peter sand- 
stone; Prairie du Chien stage. 

Orient, wells at, water of, qual- 
ELYY OF seicn selenite otreteteereverst Nehere a 

Osage, geology at, 44, 86, 88; wells 
at, 795; record of, plate show- 
ing, 324; water of, quality, 172, 
208. 

Osage stage, definition, 94; distri- 
bution of, map showing, 
pocket; divisions, 626; occur- 
rence and character, 96, 575, 
648, 651; springs from, 127; 
thickness, 97; water in, 127. 
See also Mississippian rocks; 
Burlington limestone; Keokuk 
limestone. 

Osceola, geology at, 928; water 
supply at, 941; wells at and 
near, 923, 941, 942. 

Osceola county, city and village 
supplies, 1066; geology, 1064; 
topography, 1063; underground 
water, 1064; wells, 1065; water 
of, quality, 176. 

Oskaloosa, geology at, 95; spring 
near, 708; water supply at, 
709; wells at and near, 709, 
712, 713; plate showing, 626. 

Ossian, springs at, 417; wells at, 
411, 416, 419; plate showing, 
280; water of, quality, 168. 

Otis beds, occurrence and charac- 
BOIS, rattle itala eta ete a eee 


Ottumwa, geology at, 89, 95; water 
supply at, 729; wells at, 126, 
730; plate showing, 448; water 
of, head, 142, 157; quality, 193, 
195, 206, 208, 272. 

Overton, springs at, 676; wells at, 
688. 

Owen substage, correlation, 92; de- 
posits of, occurrence and 
character, 752; water in, 753. 


INDEX 


200 


535 


‘Permian rocks, 
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Oxford, water supply at......... 510 
Oxford Junction, geology at...... 526 
Oxford Mills, geology at.......... 526 
P 
Pacific Junction, wells at......... 1146 
Packing in wells, need for....... 145 
Packwood, wells™ ati. sacks. 655 
Page county, city and village sup- 
plies, 1156; geology, 1154; to- 
pography, 1154; underground 
water, 1155; wells, 199, 1155; 
water of, quality, 204. 
Paint creek, springs near........ 294 


Paleozoic rocks, distribution, 67; 
water beds in, 107. 

Palmer, wells at, 1079; wells at, 
head in, 1080. 

Palo SAWeliS sab teste telarakste scales o-ccre c 

Palo Alto county, city and village 
supplies, 1070; flowing wells, 
1070; geology, 1067; topog- 
raphy, 1067; underground wa- 
ter, 174, 1069; wells in, 1069; 
plate showing, 814; water of, 
head of, 1070; quality of, 174, 


ei 


aly fi. 

‘Panama, water supply at......... 1180 
Panora, water supply at......... 841 
Paraltasmwellseats cic. '< cue ction cae 545 
Parkersburg, wells at- and near.. 

SS ct Ree 755, 756, 758 
Patonee WellenNGAal' soc ss siclscare  acielete 831 
Patterson, well near............. 960 
Paullina, water supply at........ 1061 


Pella, geology at, 80, 84, 86, 91, 94, 
95, 97, 619, 925; wells at, 965, 
969; plates showing, 420, 626, 
660; water of, head, 142; qual- 
ity, 123, 197, 200, 208, 270, 272, 
926, 969. 

Pennsylvanian rocks, character, 
98; distribution, 98, 559, 586, 
591, 643, 651, 653, 661, 671, 716; 
elevation of base, 45, 924, 927- 
928; figure showing, 1101; 
structure, 1100; subdivisions, 
98; water, 128; quality, 130, 
591, 653, 664, 674. See also 
particular county descriptions, 
pp. 811-1186; Carboniferous 
rocks; Des Moines stage; Mis- 
souri stage. 

Peostasn WeUS) ato enc eke etic nite wie 

Perlee, springs near, 654; wells at, 
655. 


389 


occurrence and 
Character sol Cc I9Ss. Sees cee ee 

Perry, wells at, 826; water of, 
quality, 190. 


100 
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Persia, water supply at.......... 1135 ) Postville Junction, well at....... 298 
Petersburg, wells at.........0..- 361 | Pottawattamie county, city and vil- 


Peterson, wells at, 1035; water of, 
quality, 177. 
Pinching, disappearance of forma- 


LIONS DY-s serene caisteainete a. 42 
Pioneer, Well near... 055s oes > ace 921 
Pittsburg, “well sauces) aster sta e 720 
Placid; * wells atest cievertets iste es 389 
Plainfield, wells at........... SR yal 
Plainview, geology near.:........ 590 


Platteville limestone, distribution 
of, map showing, pocket; oc- 
currence and character, 83, 
619, 750, 1007, 1102; structure, 
619; thickness, 85, 619; water, 
114, 619, 812; head, 148. 

Pleasant Grove, geology near.... 629 

Pleasant Plain, wells at.......... 655 

Pleasantville, wells at and near, 
971, 973; water of, quality, 
200. 

Pleistocene deposits, occurrence 
and character, 68, 101; water 
in, 132. 

Plymouth county, city and village 
supplies, 1075; geology, 1008, 
1074; springs, 1075; topog- 
raphy, 1074; underground wa- 
ter, 1074; wells, 1074; plate 
showing, 310; water of, qual- 
itysgddae 

Pocahontas, wells at, 1079, 1082; 
water of, head, 1080. 

Pocahontas county, city and vil- 
lage supplies, 1081; drainage 
wells, 1080; geology, 1078; to- 
pography, 1078; underground 
water, 174, 1079; wells, 1079; 
water of, head, 1011, 1080; 
quality, 174, 177. 

Polk county, city and village sup- 
plies, 889; flowing wells, 888; 
gas wells, 888; geology, 885; 
topography, 884; underground 
water, 186, 886; wells, 813, 
886; plates showing, 626, 812, 
814; water of, quality of, 131, 
186, 190. 

Pollution of water supplies, sources 
Of ek occ ce Peotone alate erie eaters 226 

Pomeroy, water supply at, 1018; 
well at, water of, quality, 179. 

Porosity of aquifers, importance of 150 

Portsmouth, water supply at..... 1181 

Postville, geology at, 82, 283, 291; 
wells at and near, 281, 291, 
296, 300; plate showing, 280; 
water of, head of, 143; quality 
of, 119, 168, 208. 


lage supplies, 1166, 1176; geol- 
ogy, 1160; topography, 1160; 
underground water, ili Ks 
1176; water of, quality, 202, 
1163, 1165, 1166. 

Poweshiek county, city and village 
supplies, 577; geology, 421, 
575; springs, 577; topography, 
574; underground water, 181, © 
575; wells, 577; water of, qual- 
ity, 130, 181, 183. 

Prairieburg, geology at, 533, 537; 
wells at, 545. 

Prairie City, wells at, 866; water 
of, quality, 191, 275. 

Prairie du.Chien, Wis., well at, 
TeCOT (Of 5 0.0 sie c's was o eee 353 

Prairie plain, character of....48, 59 

Prairie du Chien stage, character, 

77; distribution, 77, 750, 1006; 
map showing, pocket; springs 
from, 113, 293; subdivisions of, 
76; water in, 112, 619, 812; 
head of, 142. See also Oneota 
dolomite; New Richmond 
sandstone; Shakopee _ dolo- 
mite; particular county de- 
scriptions. 

Pre-Cambrian rocks, occurrence 
and character, 68; water in, 
109. 

Precipitation, controlling condi- 
tions, 61; geographic distri- 
bution, 62; records, 62-65; 
seasonal distribution, 63; vari- 
ations, 65. 

Prentiss, G. N.,:ald of... ssccee 47 

Prescott, water supply at......... 1113 


Pressure in wells, decrease of, 153; 
factors in, 148. 

Preston, water supply at, 498; 
well at, record of, 489; water 
of, quality, 183. 

Primghar, wells at, 1061; water of, 
head, 1075, 1090; quality, 176, 
275. 


‘Primrose, “wells’.at.w... «:'-. sieene 688 
Pulaski, wells at and near....... 622 
Pump cylinders, position of...... 1155 


- Pumps, requirements of.......... 225 


Q 


Quality of water. See Water, chem- 
ical composition of; particular 
counties, rock formations, 
places, etc. 


INDEX 


Muarry,, wells near... a«sen owe 874 

Quaternary deposits, occurrence 
and character, 101; wunder- 
ground water, provinces, 136; 
water in, 107, 132. 


Quimby, wells near, head in..... 1029 


R 
Radcliffe, wells at and near...845, 853 


Rainfall. See Precipitation. 

make, wells at;eheady ins. ..s0 ees 799 

FAIStON; Well) NEAT. cee eolncieee 831 

Ramsay, SCOLOLY Btiicieesa ccc alert ccere 789 

mandalia, wells) ate. cute esse 394, 399 

FOSGLYD,. Well, ACE vistuctetcis eerete wierets 321 

Reasnor, wells at and near...867, 869 

Red clastic series, occurrence and 
CharacterqOrd atten! talc events shee 70 

medtield;, wells atipeterectetereasiee o c.e' 825 

Red Oak, springs at and near, 132, 
1151; wells at, 1151; water of, 
quality, 203. 

Red «Rock; wells *neanece «cst. 2 966 

Red Rock sandstone, occurrence 
and character, 129, 964; wa- 
ter in, 129. 

Reinbeck, wells at and near, 834; 
water of, quality, 189. 

Relief, description d6f.......... 48, 50 

Rembrandt, well at, head iu...... 1011 

Remsen, water supply at......... 1078 

Renwick, wells at, 784; wells at, 
water of, head, 806; water of, 
quality, 173. 

Rhodes, wells at, 875; water of, 
quality, 190. 

Riceville, spring at, 797; spring 
at, water of, quality, 172; wa- 
ter supply, 797. 

Richland, springs near, 665; wells 
at, 748; water of, quality, 194. 

Ricketts, wells at, water of, quality 179 

Ridgeway, wells at and near. .417, 418 

Ringgold county, city and village 
supplies, 984; geology, 982; 
topography, 49, 982; under- 
ground water, 983; wells, 984; 
water of, quality, 201. 

Ringsted, geology at, 789; water 
supply at, 1045; well at, 
record, 1043; water of, head, 
791. 

EUIPDOVss W Ol]. Bb secs. erectte were 06: eFoe cto 831 

Rivers, water supplies from, 212; 
mineral content of, 230. 

Riverside, wells at........... pee 140 

445 


Rochester, geology near.......... 


Rock formations, correlation, 40; 
demarcation, 43; dip, 438; re- 
lation of, to quality of water, 
108; sequence, columnar sec- 
tion showing, 66; correlation 
by, 42; waters, 106; use of, 


for water supplies, 212. See 
also Aquifers. 
Rock Isiand, Ill., wells at, 115; 


record, 603. 

Rock Rapids, water supply at, 
1058; wells at, water of, qual- 
ity, 176. 
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Rock Valley, water supply at....1093 


Rockville, geology at, 362; wells 
at, 370: 

Rockwell, water supply at........ 

Rockwell City, wells at and near, 
1018, 1021; rock of, analyses, 
1019; water of, quality, 179, 
210. 

Roland wellsnearviecnie.cc> sac eee 

Rolfe, geology near, 1079; wells at, 
1079, 1082; water of, head, 
1080; quality, 177. 

Rome, geology near............. 

Roscoe, wells at and near... .639, 

Rowland, wells at, water of, quality 

ROwieyseSDrIN gS) at... s <iceskecrn ciaress 

RUDIOMWELIS wats «cs snes. Cece 

Runnells, wells at, water of, qual- 
ity, 191, 267. 

Russell, spring near, 954; 
supply at, 955. ; 
Ruthven, water supply at, 1072; 
wells near, head in, 1070. 
Rutledge, wells at, water of, qual- 

ity of 
Ryan, geology near, 361, 362; wells 
at and near, 361, 367, 368. 


water 


Ss 


Sabula, geology near, 82, 492; wa- 
ter supply at, 498; wells at and 
near, 492, 498; plate showing,. 
424; water of, head, 140, 157; 
quality, 188, 208, 277. 

Sac City, springs near, 1085; wa- 
ter supply at, 1085; wells at 
and near, 1085; water of, qual- 
ity, 178, 274, 1085. 

Sac county, city and village sup- 
plies, 1085; flowing wells, 
1084; geology, 1083; springs, 
1085; topography, 49, 1083; 
underground water, 1083; 
wells, 1083; water of, quality, 
178. 


Sageville, wells sat. ..<siaciwlsiesictants 


845. 


644 
641 
188 
337 
746 


195. 


389 
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St. Ansgar, well at, 797; plate 
showing, 324. 

St. Anthony, wells near.......... 874 

St. Benedict, wells near, 789; 
head in, 791. 

St. Charles, wells at and near, 957, 
958, 961. 

St. Lawrence formation, distribu- 
tion, map showing, pocket; oc- 
currence and character, 73, 
750, 1006; water in, 110. 

Saint Louis limestone, distribution 
of, map showing, pocket; flow- 
ing wells from, 128; occur- 
rence and character, 97, 575, 
784; thickness, 97; water in, 
127. See also particular coun- 
ty descriptions, pp. 618-748, 
811-1186 ; Mississippian rocks; 
Carboniferous rocks. 


St. Paul, wells at and near....... 691 
Saint Peter sand rock, occurrence 
and characters. ¢...0% 630, 674, 677 


Saint Peter sandstone, character, 
81, 1006; discrimination, 630, 
674; distribution, 80, 279; map 
‘showing, pocket; elevation, 
279, 618; plate showing, pock- 
et; outcrops, 279; position, 
927, 1102, 1103; plate showing, 
pocket; springs from, 114; 
structure, 279, 420, 618, 750, 
811, 926, 1005; water in, 107, 
113, 280, 421, 619, 812, 925, 
1104; head, 142, 347, 410, 596; 
quality, 119, 631, 1104. See 
also particular county de- 
Scriptions, pp. 281-612. 

Salem;: wells*at sc ee. t eo oe 648, 649 

Salina, wells at and near...... 656, 658 

Salina formation, occurrence and 
character, 89, 925; water in, 
123, 925. 

Sanborn, geology at, 79, 84, 86, 
1005, 1007; ‘wells at, 1006, 
1060, 1062; plate showing, 
1006; water of, quality, 177, 


206, 274. 
Sand, finishing wells in...... 219, 1010 
Sand Springs, wells at....361, 368, 369 
Sandusky, “well® atvusce ace be 689 
Sattre,swellswnear «ene Sek 300 
Sawyer, wellsvat. Je. Jie ont 688 


Saylorville, gas well at, 888; 
wells at and near, 898. 
Scales See Boiler scale. 


Schaller, wells at and near, 1087, 
1088; water of, quality, 178. 


Schaufners wWwell’ateen.. cee eene 371 
Schleswig, wells at and near.1038, 1039 








Scope of Work: :s7..0.2- eee 31 
Scotch Grove, wells at........ 518, 530 
Scott, wells near.........0¢0 eee 394 


Scott county, city and village sup- 
plies, 592; flowing wells, 592; 
geology, 92, 98, 586; . topog- 
raphy, 586; underground wa- 
ter, 586; wells, 589; water of, 
quality, 185. 

Scranton, water supply at, 830; 
well at, water of, quality, 189. 

Screens, well, incrustation on, 219, 
1010; incrustation on, analy- 
sis, 221; remedies for, 222, 
1010; use, 219. ; 

Seasons, distribution of precipita- 
CLOTS DY ise oats celeste 63 

Sections, geologic, location of, fig- 
ure showing, 66; plates show- 
ing, 280, 310, 324, 420, 424, 
448, 458, 618, 626, 660, 812, 
814, 1006, 1100. 

Sewal, wells at, water of, quality. 201 

Sexton, wells near, 789; head in, 
791, 

Seymour, well at......... we ce athe 1003 

Shakopee dolomite, character, 77, 

79, 345, 408; distribution, 77; 
position, 76; water in, 421. 
See also Prairie du Chien 


stage. 
Shallow wells, pollution.......... 227 
Shannon, wells at, water of, qual- 

ACY ivicisieccls hice eee eee 201, 278 


Shelby county, city and village 
supplies, 1179; geology, 1178; 
topography, 1178; under- 
ground water, 1178; wells, 
1179; water of, quality, 202, 
1178, 1179. 

Sheldahl, wells at, water of, qual- 

ACY oS ee ols whee opie Ciera st 191 

Sheldon, water supply at, 1063; 
wells at, water of, head, 1075; 
quality, 177. 

Shell Rock, water supply at, 757; 
wells near, 753, 754. 

Shellsburg, spring near, 425; 
water supply, 433. 

Shenandoah, water supply at, 1155, 
1159; wells at, water of, qual- 
ity, 204. 

Shueyville, wells at............. 511 

Sibley, water supply at, 1066; wells 
at, water of, quality, 176. 

Sidney, water supply at...1127, 1128 

Sigourney, geology at, 94, 95, 98; 
section at, 662; wells at and 
near, 158, 662, 665; plate show- 
ing, 660; water of, quality, 
194. , 


=P Se 


INDEX 


Siloam Springs, description of.... 849 
Silurian rocks, character and dis- 
tribution, 67, 88, 618, 925, 1007, 


1102, 1109; structure, 618; 
water, 120, 421, 619, 1103; 
head, 619; quality, 122, 812, 


925. See also particular county 
descriptions; Niagaran forma- 
tion; Salina formation. 

Simpson, H. E., county descrip- 
tions by, 704, 854, 928, 949, 
956, 986, 1110, 1146; on topog- 
raphy and climate, 48-66; work 
of, 31. 

Simpson, H. E., and Norton, W. 
H., county descriptions by, 
422, 574, 722, 870, 884, 900, 
962, 974, 1117; on geology of 
Iowa, 67-104. 

Simpson, H. E., Hendrixson, W. 

S., and Norton, W. H., on geo- 
logic occurrence of wunder- 
PTOUNGE WALES: clam o cretete eye 105-137 

Sink holes, distribution......... 

Sioux City, geology at, 68, 1007, 
1008; precipitation at, 63, 64; 
temperatures at, 61; wells at, 
110, 1095; water of, quality, 
175, 178, 206, 1096. 

Sioux county, city and village sup- 
plies, 1090; geology, 1008, 
1089; topography, 1089; un- 
derground water, 1089; wells, 
1090; water of, head, 1090; 
quality, 176. 

Sioux Falls granite. 
quartzite. 

Sioux quartzite, distribution of, 
map showing, pocket; occur- 
rence and character, 67, 68, 
1006, 1008, 1051, 1052; struc- 
ture. 1008; water, 109. 

Sioux Rapids, water supply at...1012 


See Sioux 


mlatersiyvell * near so cc scce lec ees erere 913 

Slichter, C. S., on well-flow meas- 
TIPEGMENT | se.sre electots sedans wore, Lae 

Sloan, wells at.............1098, 1099 

Smith, G. L., on Nebraska City 
WG Lites c coc o sratelevalule cc) noise 1104, 1108 

Smith, R. H., and Hayward, J. K., 
on mineral water classifica- 
ELON svc ja w ovsjcreisveco tires a PARE A 

Smithland, wells mear............ 1099 

Snow. See Precipitation. 

Sodic-calcic carbonated alkaline 
waters, distribution and char- 
AGU a Hod oe ee te ciisiee 277 

Sodic-calcic muriated-sulphated 
alkaline-saline waters, distri- 
bution and character......... 272 





1209 


Sodic-caleic sulphated alkaline- 
saline waters, distribution and 
Character ye vo ciers cts torte electors 

Sodic muriated alkaline-saline 
waters, distribution and char- 


273 


BOCET in is: chee chotest acta eravais anaronste 269 
Sodie muriated-sulphated alkaline- 

saline waters, distribution and 

CHAS CTC as aie arta carn whevoret ate 271 
Softening. See Water softening. 
Soils;* characters OL. s <tr. a elele: ote 51 
Soldier, wells at, water of, qual- 

Tt ye aise Se intinc wed alaedeaices ks 179 


Solon, geology at, 506, 507; wells 
at, 507, 511; water of, qual- 
ity, 184. 

Somers, wells at and near...1020, 1021 

South Amana, wells at, water of, ~ 
QUST bye, teretaitteye on sis ec ele oats 

South Augusta, well at........... 691 

South-central district, counties, 
923; counties in, descriptions, 
928-1004; geology, 923-928; lo- 
cation of, map showing, 165; 
precipitation in, 62; wells, 210; 
well water, 925; quality, 197, 
205, 211; map showing, 165. 

Southeast district, counties, 618; 
counties in, descriptions, 621- 
748; geology, 618; location of, 
map showing, 165; precipita- 
tion in, 62; well water of, qual- 
ity, 192-196, 205, 211; map 
showing, 165. 

South English, geology at, 661, 
664; section at, 663; wells at, 
668. 

Southern Iowa Junction, wells at, 
water of, quality of.......... 

South Ottumwa, wells at, water of, 
CULL ICY: aes ners tare noe Pee ten eles oe 

South Parkersburg, well at...... 

Southwest district, counties, 1100; 
counties in, descriptions, 1110- 
1186; geology, 1100; figure 
showing, 1101; location of, 
map showing, 165; precipita- 
tion, 62; well water, 1103; 
quality, 197, 202, 205, 211; 
map showing, 165. 

Spechts Ferry, geology near, 374; 
wells at, 389. 

Spencer, geology at, 1035; water 
supply at, 1035; wells at, water 
of, quality, 177. 

Sperry, geology near, 
near, 641. 


Spirit Lake, wells at, 1041; water 
of, quality, 176, 275, 1042. 


Spring creek, waters of.........¢ 


194 


195 
756 


629; well 
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Springdale, geology near, 445; 
wells at, 448. 


INDEX 


Spring Hollow, springs at........ 539 

Springs, possible pollution in water 
of, 226; See Cambrian rocks; 
Ordovician rocks; particular 
counties, formations, locali- 
ties, etc. 

Springville, geology at, 534; water 
supply at, 545. 

Stabler, Herman, corrosive formu- 
las proposed by, 246; soften- 
ing formulas proposed by, 
252. 

Stanhope, wells at, water of, qual- 

ItY Sosa ees PRASAD Oeics cit eee 188, 278 

Stanwood, geology at, 420, 441, 
443; wells at, 446; plate show- 
ing, 458; water of, quality, 
184, 277. 

Stanwood Channel, description, 
441; figure showing, 442; wells 
in, 446. 

Stark, wells at, water of, quality 
ROIS Suit OO Ee eae 194, 275 

State Center, wells at and near, 
875, 879; water of, quality, 
190, 274. 

State Quarry limestone, correla- 
tion, 92; distribution of, map 
showing, pocket. See also De- 
vonian rocks. 

Steamboat Rock, well at......... 854 

Steaming, water for. See Boiler 
water. 

Steel tubing, effect of mineral wa- 
terion. .2 ieetee wheel oatettete rere 235 

Stenncétt) well °near-....0.+>s sel 1153 

Stockport, wells at, 719; wells at, 
water of, quality, 196. | 

Stockton, wells at............... 570 

Stock wells, development of...... 215 

Stone, wells atcss. aswel cites tcemiene 526 


Storm Lake, water supply at....1012 
Story City, water supply at...... 912 


Story county, city and village 
supplies, 906; flowing wells, 
905; geology, 901; topography, 
900; underground water, 128, 
902; wells, 902; plate showing, 
458; water of, quality, 189. 

Stratford, wells at, water of, qual- 
ity 

Strawberry Point, water supply, 
346, 354. 


188 





Structure, character of, 279, 420, 
618, 749, 811, 923, 1005, 1100; 
geologic sections, figure show- 
ing location of, 69; plates 
showing, 280, 310, 324, 420, 
424, 448, 458, 618, 626, 660, 
812, 814, 1006, 1100. 

Stuart, wells at, 836, 841; water of, 
quality, 190. ; 
Summitville, geology near, 674; 
wells at and near, 688, 689. 
Sumner, geology: at, 74, 75, 85, 87; 
wells at and near, 280, 321, 

399; water of, head, 143. 


Sunbury, geology near, 445; 
springs and wells at, 448. 

Sutherland, well at......... 1060; 1063 

Swan, wells near...........0e- ~. 966 


Swea City, geology at, 789; water 
supply at, 793; wells at, head 
in, 791, 793. 
Swedesburg, wells at......... 648, 649 
Sweetland, wells at....... «eis elate eee 
Sweetland Creek shale, correla- 
tion, 92; distribution of, map 


showing, pocket; occurrence 
and character, 559. See also 
Devonian rocks. 
Swisher, wells BUeiiosom ete ew aeeee 511 
T 
Tabor, water supply at...... 1127, 1128 
Tallyrand, wells. at......... «seme 668. 
Talmage, geology at, 990; wells 


at, water of, quality, 201. 

Tama, wells at and near, 122, 207, 
613, 617; water of, 267; qual- 
ity, 181, 182, 207, 208, 267. 

Tama county, city and village sup- 
plies, 613; flowing wells, 613; 
geology, 94, 420, 611; springs, 
613; topography, 611; under- 
ground water, 181, 612; wells, 
612; water of, 615; quality, 
131, 182. ; 

Taylor county, city and village 
supplies, 1182; geology, 1181; 


topography, 1181; under- 
ground water, 1182; wells, 
1182; plate showing, 1100; 


water of, quality, 204. 
Taylorsville, wells near.......... 394 
Teeds Grove, wells at.........473, 475 
Temperature, records, 60; relation- 

of, to ground water, 61. 


Tertiary deposits, occurrence and 


character of ....... ane cowie eOU 
Texture of aquifers, importance of 150 
Thayer, geology at......-e.eceees - 990 


INDEX 


‘shomas, A. O., county description 


MDW U chives suas 2 at alatatotcte nica ls Seer 504 
Thompson, water supply at, 801; 

wells at, head in, 799, 801. 
mBhornpure, . Wells eat.% coc scarce sss 668 
PENOPD,.- WElIS 2 Ati ses cccle wiccd cies <3 368 
Thurman, water supply at....... 1128 
Miconic, well nearisiiesscse.<%s 1058 
Marts) WLI TAC. Foci v eo visun a ooisusisy 511 
Til cdetnition. Of... acces ss «sce ss 53 


Tilton, J. L., county description by 991 
Tipton, geology at, 70, 72, 73, 74, 
85, 87, 88, 441, 444, 619; wells 
at, 448; plate showing, 448; 
water of, quality, 180, 184, 206, 


208, 277. 
Mitonka,. wells Nears iis. fees ects 789 
Todd, J. E., method of well-flow 
measurement. Dy. ects. oso 144 
Toledo, geology at, 611; wells at 
and near, 615, 617; water of, 
quality of, 182, 275. 
Toolsborough, geology at......... 695 
Topography, description of...... 48-59 
See also particular counties. 
Toronto, geology near, 457; wells 
at, 473 
Torpedoing, use of............... 154 
miTower “wellerat. oc: wietelsteees cee 977 
Towns, water supplies of........ 214 
See also particular towns. 
Town wells, pollution of......... 227 


Tracy, wells near....707, 713, 967, 973 


Traer, wells at, 616; water of, 
quality, 182. 

Trenton formation, change in name 
0). EDA AS ROIS anu OC aes 82 
See also Platteville limestone; 
Decorah shale. 

Tripoli, water supply at, 323; wells 
near, 315. 

Turkey river, flowing wells near, 
281, 348; geology along, 86; 
springs along, 122, 124. 


C 


Underground conditions, knowl- 
edge of, importance of....... 32 

Underground water. See Water, 
underground; particular coun- 


ties. 
Union county, city and village 
supplies, 989; geology, 986; 


springs, 199, 989; topography, 
49, 986; underground water, 
987; wells, 989; water of, qual- 
ity, 201. 


United States Geological Survey, 
cooperation Of ........+ee0% (Oo 


121) 

Upper Iowa river, springs in, 294; 
underground water of, 288. 

Urbana, wells at and near..... 433, 438 

Ute, wells at and near...... 1057, 1058 

Wticas wWellswatars osetia tse 721 

V 

Vail, wells at and near...... 1038, 1039 

Valley Junction, wells at...... 898, 900 

Van Buren county, city and village 
supplies, 717; flowing well, 
718; geology, 715; topography, 
715; underground water, 127, 
717; wells, 717; water of, qual- 
ity, 195. 

Van Cleve, well near..........0. 875 

Van Horne, wells at, 434; water of, 
quality, 182. 

MEeOs WelISE AL wdccaeatine. + saiklcaie 655 

Wier dt SCOLOLY aber terte sue cie\erevetel nels 742 

Victor, water supply at........... 485 

Village creek, springs near, 294; 
wells near, 289. 

Village Creek, wells at, water of, 
QUBLIG Veet oa.sfecielorets ace 168, 208 

Villages, water supplies.......... 214 
See also particular villages, , 
counties, etc. 

Villisca, water supply at, 1152; 
wells at, water of, quality, 
203, 1152. 

WinGenty well NCAT <j, acc syeic evo a oe 921 


Vining, wells at, 613, 617; wells at, 
water of, quality, 182, 275. 


Vinton, wells at and near, 154, 
425, 434; plates showing, 324, 
420, 424; water of, 421; head, 
148; quality, 180, 182, 208. 

Viola, geology at, 534; wells at, 
545. 

Volga, wells at and near....355, 366 

Volga river, flowing wells near.281, 349 


WwW 
Wadena, springs at, 396; well at, 
393. 
Walcott, water supply at, 604; 


wells at, water of, quality, 185. 
Walker, geology at, 533; wells at, 
545. 


Wall Lake, wells at and near, 
1087, 1088; water of, quality, 
178. 

Walnut, water supply at........ 1177 


Wapello, wells at, 695, 699; water 
of, quality, 195, 700. 
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Wapello county, city and village 
supplies, 728; flowing wells, 
728; geology, 722; topography, 
722; underground water, 127, 
723; wells, 724; water of, qual- 


ity, 195. 

Wapsipinicon limestone, correla- 
tion, 92; distribution of, map 
showing, pocket; occurrence 


and character, 303, 333, 423, 
508, 534, 594; water from, 303, 
335. See also Devonian rocks. 
Wapsipinicon valley, 
312, 314, 333; wells in, 331. 
Warren Wellsraticenc oe state ge settee 
Warren county, flowing wells in, 
994; geology, 991; topography, 
991; underground water, 992; 
wells, 993; water of, quality, 
200, 998. 
Warsaw, Ill., well at, record..... 


Warsaw limestone, correlation, 
97, 671; correlation of, plate 
showing, 66. 


Washburiy wells yates :.ctt «oreo cies 
Washing, drillings rendered mis- 
pKeeWob bak aay Oh’) - b5 8 Pica RCO 
Washington, geology at, 82, 84, 93, 
675; wells at and near, 742, 
748; plate showing, 448, 660; 
water of, quality, 193, 194, 278. 
Washington county, city and vil- 
lage supplies, 742; geology, 
739; topography, 739; under- 
ground water, 127, 740; wells, 
740; plates showing, 448, 660, 
water of, quality, 194. 
Washington Mills, spring at...... 
Water, chemical composition, 159- 
211; chemical composition, re- 
lation of, to corrosion, 234, 
255; relation of, to health, 
233. See also Analyses; Wells; 
particular districts, places, 
etc.; corrosion by, 236, 258. 
See also Mineral waters; Min- 
eralized water. 
Water, underground, climatic con- 
ditions conducive to supply of, 
59, 66; geologic classification, 
105; geologic occurrence, 105- 
137; head of, map showing, 
pocket; pollution of, 226; qual- 
ity of, relation of, to geog- 
raphy, 205; plate showing, 
204; to geology, 108; water 
supplies from, 212; mineral 
content, 230; effect of, 233. 
See also Well waters; Arte- 
sian waters; particular coun- 
ties. 


description, - 


INDEX 


688 


686 


379 


Water, underground, hard and soft, 
distribution, 208; plate show- 
ing, 204. 

Waterloo, flowing wells near, 304; 
geology at, 45, 85, 87, 88, 305, 
306, 309; springs near, 304; 
water supply, 308; wells at 
and near, 110, 304, 309; plates 
showing, 310, 324; water of, 
head, 142; quality, 169, 206, 
208. 

Waterloo Ridge, geology of........ 

Water softening, .application of, 
247, 254; cost, 254; limits, 253; 
methods, 248. 

Water supplies, adequacy, 215; re- 
covery, 216; sources, 212; se- 
lection, 216. See also Munici- 
cipal and domestic supplies; 
Industrial supplies. 

Water table, depth * tos. Jua.eeees 

Waterworks, distribution of, plate 
showing, pocket; number and 
character, 214. See also partic- 
ular counties, water supply at. 

Waucoma, wells at... osc aumieme 

Waukon, geology at, 282, 291, wells 
at and near, 291, 298, 300; 
water of, quality, 168, 208. 

Waukon Junction, springs near... 

Waupeton,. wells at. ..<.... une 

Waverly, geology at, 73, 75, 83, 
85, 88, 98, 312; water supply 
at, 313, 324; wells at, 280, 324; 
plate showing, 324. 

Waverly Junction, wells at....... 

Wayne county, city and village 
supplies, 1003; flowing wells, 
1008; geology, 999; topog- 
raphy, 999; underground 
water, 1000; wells, 1000; water 
of, head, 1003; quality, 201, 
1001, 1003, 1004. 

Webster, geology at, 664; wells at, 
668. 


Webster City, wells at and near, 
786, 843; plate showing, 310; 
water of, quality, 186, 188, 
208, 844. 

Webster county, city and village 
supplies, 916; flowing wells, 
915, 917, 918, 920; geology, 
914; springs, 916; topography, 
914; underground water, 128, 
186, 915; wells, 915; plates 
showing, 310, 814; water of, 
quality, 186, 188. 

Weems, J. B., analyses by....... 

‘Weller; wells at... seen eiae at ecsies 


290 


105 


326 


977 


Wellman, wells at, 746; water of, 


quality, 194. 


se 


Wells, age of, deterioration due to, 
140; clogging, 152, 219; reme- 
dies for, 152, 154, 222; con- 
nection of, by underground 
Pipes, 946, 1004, 1116, 1127; 
depth of, in aquifer, import- 
ance, 149, 224; depth to water 

' in, forecasts, 44; diameters, 
222; distribution of, map show- 
ing pocket; drilling, 144, 217; 
finishing of, in sand, 219, 1010; 
geologic investigation of, data 
for, 35; drillings from, collec- 
tion, 35; study, 37; means, 
34; geologic source of water 
in, doubtfulness of, 108; pol- 
lution, 227; pressure in, 148; 
rocks in, correlation, 40; 
sections of, plates showing, 
280, 310, 324, 420, 424, 448, 
458, 618, 626, 660, 812, 814, 
1006, 1100; location of, figure 
showing, 69; torpedoing, 154, 


741; water-bearing beds in. 
See Aquifers; water supplies 
from, 212; mineral content, 


230; yield, 144. See also Yield 
of wells. See also Artesian 
water; particular districts, 
places, counties, etc. 

Wells, drainage, location and use 

. of, map showing. ...799, 807, 

Wells, flowing, distribution of, map 
showing, pocket. See also Ar- 
tesian waters; particular coun- 
ties, places, etc. 

Well samples. See Drillings. 
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46 


Well water, chemical investiga- - 
DLO OL SCOPE OL per ieee ns 
Welton, wells: atu... .< ss occcce« 473, 


Wesley, wells at and near, 788, 
789; water of, head, 782, 791. 

West Bend, wells at, 1068, 1070, 
1073; water of, head, 791, 
1070; quality, 177. 

West Branch, water supply at... 

West Burlington, well at......... 

West-central district, precipitation 
in, 62. See also Southwest dis- 
trict. 

West Chester, wells at........... 

Westfield, well at, record....... 


Westgate, geology at, 394; wells 
at and near, 398, 399. 

West Keokuk, well at........... 

West Liberty, wells at and near, 
567, 571; plate showing, 812; 
water of, head, 157; quality, 
181, 185, 208. 


477 


450 
641 


746 
305 


689 


West Point, springs at, 676; wells 
at and near, 688, 691. 

West Union, wells at, 398; water 
of, quality, 169, 277. 

What Cheer, wells at, 668; wells 
at, water of, quality, 194. 


Wheatland, wells at........... 472, 
Wheatland Ridge, well on..... 290, 
Wheeler, W. D., aid of........... 


White water sandrock, occurrence 
and character of.706, 725, 964, 

Whittemore, wells at and near, 788, 
790; water of, head, 791. 

Wickhorst, M. H., aid-of....:... 


Williams, I. A., on Kfnderhook 
stage, 95; on Coal-Measures 
SHRINES yess. SA ere, aes ciclels, aletace 


Williamsburg, wells at, 485; water 
of, quality, 181, 183, 278. 
Wilton, geology at, 560; wells at, 

569; plate showing, 812; water 


of, 421; head,~ 157; quality, 
180, 185. 
Winchell, N. H., on St. Lawrence 


LOTINALION Pereccraye she wis > clolerseahe 
Winfield, wells at, 648, 649; wells 
at, water of, quality, 195. 
Winnebago county, city and village 
supplies, 800; drainage wells, 
799; geology, 797; topography, 
797; underground water, 797; 
wells, 798; water. of, head, 

799; quality of, 171. 

Winneshiek county, city and vil- 
‘lage supplies, 413; geology, 
As el Ds 1h, 1080, 8a; 50, 408; 
springs, 124, 412; topography, 
50, 407;. underground water, 
410; wells, 114, 115, 122, 411; 
water of, quality, 168. 

Winterset, geology near, 957; wells 
at and near, 958, 959, 961; 
water of, quality, 200. 

Winthrop, springs at, 337; water 
supply at, 339. 

Wisconsin drift, character, 57, 103; 
distribution, 57; map showing, 
pocket; water in, 135. See 
also particular county descrip- 
tions, pp. 749-922, 1005-1099. 

Wisconsin drift province, area of, 
map showing, pocket; topog- 
raphy of, 57, 884; water of, 
137. 

Woden, wells at, water of, quality 
of 


Woodbine, wells at... 


Woodburn, wells at, water of, qual- 
ity of 


eee e eee eeee ree sees oes eoaeee 


oo ee eee ee eee eseseeoeeas 
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477 
300 
47 
976 
47 


857 


75 


171 


-1103, 1129, 1136 


1214 


Woodbury county, city and village 
supplies, 1095; geology, 1008, 
1094; springs, 1095; topog- 
raphy, 10938; underground 
water, 1094; wells, 1094; water 
of, quality of, 178 


Woolsony WwWellsrat.ccccis +sismctles - 655 


Worth county, city and village sup- 
plies, 803; geology, 802; topog- 
raphy, 802; underground wa- 


ter, 802; wells, 160, 802; water 


of, quality of, 171. 

Worthington, wells at and near, 
369, 370, 376, 389, 390; wells 
at and near, water of, quality 
OL, 70; 

Wright county, city and village 
supplies, 808; drainage wells, 
807; flowing wells, 806; geol- 
ogy, 749, 804; topography, 804; 
underground water, 804; wells, 
804; water of, head, 806; qual- 
ity, 173. 
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Wyman, wells at......5 esses ee 200 nnn 


Wyoming, water supply at........ 

Y : an ; 

Yarmouth, geology near, 629; wells 
at and near, 641. 


Yarmouth stage, deposits of, 103; .' 
deposits of, occurrence and 
character of, 671, 694; water 


, 


in, 673. 


See also Buchanan 
gravel. en 


wells near, 289. 


Yield of wells, decrease in, reme- 


dies for, 153; decrease in, sta- 


tistics of, 155-158; factors af- 


fecting, 144; measurement of, 
144, 


Zearing, wells at, water of, qual- 
ity of 
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